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ABSTRACT 


The primary focus of this thesis is the development of a 
portable microcomputer-based software package to aid in the 


instruction of a graduate level introductory statistics 


Course, In order to accomplish this objective, an 
exploration of various conventional Computer 321 Sted 


Instruction (CAI) techniaues is necessary to determine which 


methods are readily adaptable for use with portable 
microcomputers, Many of the design issues normally 
associated with the development af CAI packages are 


exasperated by the current physical limitations of portable 
microcomputers. This thesis will discuss general CAI design 


issues and related compromises and trade-offs needed ta 


auccesarully implement same of these designs in a portable 
microcomputer -based system, A systematic methodology for 
designing simple paired-associate learning Όσα and 


T 


Fractice software is presented, which incorporates many تا‎ 
the lessons learned in the development of the included 


statistics software package. 
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I. INTRODUCTION 





The decreasing cost and increasing capabilities of the 
"truly" portable microcomputers makes them especially well 
suited for student use. Due to the misuse of the term 
"portable" by various computer manufacturers, a precise 
definition is in order. In this context; "portable 


microcomputer" refers to that class of computers which weigh 
less than twenty pounds, can operate for extended periods on 
self-contained batteries, and contain all the necessary 
peripheral devices for interface with the user in one 
compact package. This class of computer is often equipped 
with an internal modem and may or may not incorporate a 
self-contained secondary storage device. Most ot these 
computers have a relatively small (but rapidly expanding) 
random access memory (RAM) capability on the order af سل‎ 
2-6}. Almost without exception, these computers have the 
ability to retain data in the RAM when not im operation. 
These technological advances have made feasible the 
equipping af each student with his or her "own" portable 
computer to use for the duration of selected courses. lth 
appropriate software, these computers can become a valuable 
learning tool. The likely side benefits to be derived fram 
such individual issues of portable microcomputers include 


ГкеҒғ. 11: 


іЙ 


1. Elimination of the contention problem caused by 


the overcrowding of the public terminals. 


HJ 


: Increased computer literacy. 


id 


. A reduction in the "intimidation factor" perceived 
by many users of larger mainframe systems. 

4. Complete flexibility on the part of the user to 

explore alternate computer applications. 

The key to successful implementation of these devices in 
education is the development of software which has been 
appropriately designed to the unique characteristics of the 
course and microcomputer in question, and the abilities of 
the learner population ГКеғ. 21. The field of statistics 
has traditionally been an the leading edge nf applying 
computer technology to assist іп the large amounts of 
tedious calculations involved in statistical analysis. = 


such, a wide variety of statistical educational enftware 16 


Hi 


available for use on mainframes, minicomputers and τς 
lesser extent-- microcomputers. In addition, programmable 
calculators (@.g., the TI-S9) have frequently been used ta 


assist both students and statisticians in completing hasic 


u 


| 


mathematical calculations. The development ar similar 
packages for portable microcomputers has lagged tar behind. 
Current Limitations of portable microcomputers, particularly 
in the area ot memory capacity, have discouraged the 


implementation of full scale portable microcomputer-hased 


11 


CAI packages. With proper design and appropriate trade- 
offs, however, effective CAI packages for portable . 
microcomputers are possible. 

The portable microcomputer is too valuable as a tool for 
educational use to cast aside for want of creative software 
designs. The possibilities encompassed by individual use of 
portable microcomputers far exceed those of the personal 
calculator which has already revolutionized many aspects ar 
basic statistical education. The software developed as part 
of this thesis is only a meager example of the possibilities 
made available by the portable microcomputer. It is hopecd 
that this treatment will serve as the impetus for others to 
develop and implement much mor e extensive portable 
microcomputer-based software. 

А definition of CAI and a description ot the various 


ғ 


types of strategies cammonly used in the field is contained 
іп Chapter IT. A brief history ot the development of CAI is 
also included to provide the reader With pertinent 
background information. The chapter closes with a short 
discussion of the obstacles which have hindered the full 
implementation of CAI techniques in general, and how they 
relate to portable microcomputer-based CAI software in 
particular. 

Chapter 111 describes the problems which led to the 
development of the included software package. Various 


methods of computer usage in statistics education are 


E ced. and a review of some of the more common 
statistical packages is included. The last portion af this 
chapter is devoted to briefly assessing the effectiveness of 
the two most popular strategies of computer usage in 
statistics. 

Chapter IV discusses some of the various design issues 
which are faced by the potential CAI designer. A wide range 
Of issues trom language selection to screen design are 
outlined in order to give the reader an appreciation ot the 
complexity af CAI system design. The following chapter (9) 
provides an Overview of a model for the development at a 
drill and practice type CAT. The presented model was 
revised and tempered during the development of the included 
CAI package. A description of this CAI package is provided 
in Chapter VI. 

Chapter VII contains a discussion on the projected 
future oft portable microcomputers in education. In 
addition, the major points of this thesis are reviewed and 


concluding comments are provided. 


ІІ. BACKGROUND 


A. DEFINITION 

A precise definition of Computer Assisted πεις а 
(CAI) has been evolving since activity іп the area оғ 
computer aided instruction began in earnest іп the 197505. 
In early literature оп the subject, the term CAI was 
commonly used to reter to all aspects of computers іп 


education. As interest grew in this new and exciting field, 


new terms were indiscriminately introduced by various 
authors. Depending on the author and the context, many of 
these terms could be used interchangeably with CAI. 


Additional terms were introduced to distinguish certain 
applications of computers in education from the general 
category of CAI. The wide and rapid proliferation of terms 
invariably led to confusion, and different authors attached 
different meanings to the same terms. A sample of these 
terms is contained in Figure 1 CRef. 51. 

Over the last 25 years, most authors in this field have 
narrowed the definition of CAI and consider it a distinct 
subject within a broader category termed Computer Based 
Education ERED While the actual boundaries of the 
definition of CAI are still somewhat blurred, a general 


consensus (14 what Conus cuces a CAI has evolved. a 


14 
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Automated Teaching 

Computer-Aaàdministered Instruction (CAI) 
Computer-Aided Instruction (CAI) 
Computer-Aided Learning (CAL) 
Computer-Aided Teaching 
Computer-Assisted Education 
Computer-Assisted Guidance (CAG) 
Computer-Assisted Learning (CAL) 
Computer-Based Education (CRE) 
Computer-Based Instruction (CHI) 
Computer-Based Learning СЕ) 
Computer-Controlled Teaching 
Computer-Directed Training 
Eompmter—iIndividualized Instruction (ГІТ) 
Computer-Managed Instruction (CHI?) 
Computer—-Managed Learning (CML) 
Computer-Simulated Instruction 


Computerized Instruction 
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Figure 1. Terminology Froliferatian ІКеғ. 41 
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composite definition of CAI representative of this consensus 
15: 

"CAI is a term used to describe the process of interactive 

teaching with the aid of a computer. The process directly 

involves the computer in the storage and presentation of 

instructional materials to the student. Both written 

material and graphics are presented to the student in a 

logical manner."  L[Ref. 3.1 
This definition, while broad, serves to distinguish CAI from 
another growing field of computers іп education termed 
Computer Managed Instruction СМІ). In CMI, the computer is 
not normally used as a direct interface with the student to 
effect learning. Instead, the computer is used as a 
management tool to assist the instructor. The materials 
presented to the student іп the CMI model are not of a 
direct educational nature and include such things as tests 
and management of the flow of a student s ЕЕ The 
computer is used as a gate to control student progress and 
to provide extensive managerial data to the instructor to 
enable more individual tailoring of instruction. 

Despite the fact that a few current authors continue ta 


rarer to both Сат апа CMI as a single entity [Ref. 61, there 


are two important distinctions between CAI and CMI: 


ШЕ CAI is usually performed in an on-line real time or 
near real time basis in order to provide immediate feedback 
of an instructional nature to the student. СМІ, оп επ 


other hand, is typically not a real time process and focuses 


14 


on the batch processing of data for later presentation to 


the instructor. LRef. 71 


p CAI is more resource intensive both in hardware and 


software CRef. Es In order to implement a successful CAI 
system students must have ready access to computer 
terminals, necessitating a significant investment in 
hardware. In addition, the software (commonly referred to 


as courseware) required to effect a CAI is complex and long 
lead times and high development costs are the rule. In 
contrast, CMI can be effective with only a few terminals far 
joint instructor and student use. Software development for 
CMI tends to be relatively straightforward and relatively 


inexpensive. 


B. FIVE BASIC CATEGORIES OF CAI 

AI can be further subdivided into five "teaching 
strategies": (1) Drill and Fractice; С) Tutorial: τ] 
Froblem Solving Tasks; (4) Simulation; and (3) Instructional 


AMES. LRef. Ὁ 


Is Drill and Fractice 
The drill апа practice strategy is by far the 
easiest to develop and implement. The key to the 


affectivenezss of this method is that the user is assumed to 
have already learned the basis of the materiai to of 


presented through traditional classroaam Lecture techni ques, 


The geal of the computer is to cement the retention at the 


material by repeated practice and «ercise. While new 
concepts can be learned using the drill and practice 
strategy, it is not an efficient vehicle for this type at 
education. This strategy does, however, provide the student 
with the сара Den to work through a large array of 
problems and to develop an intuitive understanding of the 
procedures used. ГКеҒ. 101 

Drill and practice programs tend to be organized 
linearly with a brief introduction followed by the 
presentation of a series of problems or solution steps [Reta 
a A series of preselected problems may be cantained 
within the software, ar problems can be provided 80 
outside material by the student through appropriate 
interfacing with the program. The latter method is more 
flexible and provides for more student involvement. The 
embedding of the actual problems in the &ottware 
significantly restricts the scope oft the program and 
requires extensive maintenance to change the problem ses ٢ 
Drill and practice type software is particularly well suited 


to courses where a repetitive practice 1s required ta learn 


a Skill or a concept. The linear sequencing ot solution 
steps for many mathematics and statistical problems сап 
easily be accommodated using the drill and practice 


e&trategy,. 


νο 


O Tutorial 

The tutorial strategy ancompasses a great deal more 
ШО е relatively simple drill and practice strategy. 
Whereas drill and practice programs serve as an adjunct to 
the instructor, tutorial programs strive to "replace" the 
instructor as much as possible. Cogical dialogue between 
the student and the program about specific problems is the 
hallmark of this strategy. These proqrams are typically 
capable of detecting not just simple calculations and data 
input errors, but also errors in reasoning by the student. 
Extensive feedback is provided to the student to assist in 
correcting these errors, πο 7121 

These programs are exceedingly complex toa design امه‎ 
develop, requiring an extensive assortment of programming 


- 


techniques. lp to and ë beyond οὐ пәпһомез are of 


ووسر 


Den 
necessary to achieve only one hour of student instruct li On 


LReft. Е ME ch тЫ tuo the initial developmental 


Ld 
a 


expenses, maintenance costs tar this پوه اه ات‎ аре? 
carreepondingly high. The complexity of the proagerammaina 
task often leads to the selection of a "custom" programming 
language tailored ta educational software LO simplify the 
taska linfartunately, the use ar these "custom" Languages 
severely restricts the portability or the finished software 


stem. 


Ui 
jf 


and, therefore, further inflates the cost of such a 


а سم‎ 
y 


The ftuterial strategy is most offen viewed by the 


layman as che epitomy of what a CAI should be. The мазі 


— 
«i 


majority of the early large scale esa e оше in the field of 
CAI were of this type. As computer technology has advanced, 
improvements have been incorporated into the tutorial 
strategy and it remains the "cadillac" of САТ methods. This 
techni que can be tailored to fit most any learning situation 
but it excells in imparting complicated conceptual Skills. 


ІКеҒ. 141 


2.  Eroblem Solving Tasks 





. 


This strategy encompasses programs which are written 


to solve certain select problems in a specific area, This 


^ 


is theo least well defined of the five strategies oresented 


in that a wide variance of sophistication can exist between 


rt 


different programs within this  stratecgv. This strategy 


e 


T 


oiaces no boundaries on the various applications ar Levei of 
0177۴3 ٣) ځنم‎ οι opk Im general, these programs tend ta 
be more "solution oriented" and less concerned ЫП! 
developing computational or conceptual Skills ar the 
student, Mast applications within this strategy parallel 
the use oft a simple calculators however, in this case, the 
programs have the ability to solve problems of Жас greater 
complexihy. This strategy; ig well suited to quantitative 
courses which are primarily interested in the final solution 
and nat the methods or techniques to derive the solutions. 


πο 


oy 


.. 
Jem 


4. Simulation 

This strategy is generally used for the generation 
and manipulation of data or the repetitive eh af а 
model when environmental factors preclude normal methods. 
These environmental factors include limitations of time, 
maney or equipment; and various safety considerations. 

This strategy is based on the mathematical 
manipulation ot complex models which places the student in a 


controlled "real life" situation. Most programs of this 


iñ 


type allow the user to input a serie ef parameters and 
process esc in à compressed fashion, through the model. 
[he resultant information is displayed for user perusal and 
may include pertinent comments to key the student to 
Significant data. In general, по learning "path" is 
predetined. τ student is “allowed to Learn 
through actual manipulation of these Eme These types 
of programs are frequently used in statistical analysis anda 
can be very effective learning tools. Concepts learned via 
this strategy are likely to be retained by the student 
longer. LRef. Lod 

While the costs to design and develop programs at 
this type are not overly prohibitive, the cost to execute 
them on a large scale is typically very high. A moderately 
L 


Sized simulation may require an inerdinate amount cit 


computer resources to execute. For these reasons, many 


Simulations are done іп advance Бу the instructor and 
presented in the traditional lecture format. ГКеғ. 171 

Instructional Games‏ ول 

The distinctive feature of this strategy is an 

attempt to use a student's competitive nature to د‎ 
certain learning goals or skills. These programs most often 
pit the student against the computer іп а win-lose situation 
im an effort to hold the student's attention and interest. 
Creative programming skills are required to make this 
strategy effective as a learning tool. This technique i3 
aay Suited to elementary level education. 

Lach of the five strategies presented above has a series 
Gf advantages and disadvantages associated with them, some 
of which are obvious and others which were only discovered 
through actual applications of the strategies. Â summary of 
these ННІ and disadvantages is provided im Fir Ta 
The mast significant problems of complexity and cost have 
already been mentioned while other problems will be brought 
out in the historical perspective of the evolution of CAI 


that follows. 
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Drill x 


Tutorial 


advantages Disadvantages 


Fractice *Easy to develop *User required to 
and implement. already have 
learned the basis of 
*Allows a student the material through 
to work through a other methods. 
large number of 
problems to gain *Inefficient for 
an intuitive under- teaching new con- 
standing of the cepts. 


solution procedures. 
eRequires the student 


#Fer forms well with to "learn" the 
problems which have subject material 
a well defined through repetitious 
linear sequencing use af the program. 


of solution steps. 
*xNormally not capable 
*Capable of being Ot detecting errors 
implemented on in reasoning. 
relatively inexpen- 
sive microcomputers. 


«Сап ре designed to  *Complex to desian 


reduce instructor and implement. 
workload, or even 
to replace the *High design cost. 


rye tas buc bor | 
*xHigh maintenance 
*Capable af detec- cost. 
ting errors in 
student reasoning. eRequires extensive 
computer hardware 
*Can be tailored to support. 
almost any learning 
situation, 


«Бегітоғте мелі! іп 
teaching new or com- 
plicated conceptual 
Skills. 


ure ὃν Advantages and Disadvantages of 


Various CALI Strategies 
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Froblem Solving 
Tasks 


Simulation 


Advantages 


*Relatively cheap 
to design. 


*Uses a minimum of 
computer resources. 
skills. 


жСап be used effec 
tively with devices 
as simple as pro- 
grammable calcu- 
lators. 


Provides a rapid 
method of obtaining 
the solution to a 
problem, 


жСап be used to 
create an artifi- 
cial environment 
to obtain data 
about a situation 
ar process which 
otherwise would be 
impractical to 


study due to limita- 


tions of time, 
maney or safety 
hazards. 


*Student learning 
is accomplished 
through actual 
manipulation of 
the parameters of 
Various processes, 


*#Typically results 
in longer reten- 
tion of learned 
concepts. 
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"тщце 2. 


*Üften 


Continued 


Disadvantages 


xSolution orientation 


does not allow for 
the development of 
student computa- 
tional ar conceptual 


*xRelatively inflex- 


ible. 


used by stu- 
dents as a "crutch" 
not a learning tool. 


*Requires extensive 


computer resources 
to execute, 


*Not practical for 


simultaneous use bv 
a large number of 
Students. 


*Can overwhelm the 


student with large 
volumes of data. 


*Can require the 


student to learn 
YArLoOUS computer 
techni ques unr e~ 
lated to the sub- 
ject matter. 


Advantages Disadvantages 


Instructional *Harnesses a stu- *Requires creative 
Games dent's competitive programming skills. 
nature to accom- 
plish learning xDifficult to develop 
objectives. programs which will 
j continue to chal- 
*Can add a degree lenge and hold a 
of excitement to student's interest. 
learning otherwise 
dreary topics. *Students set high 


expectations based 
on their experience 
with video games. 
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Figure 2. Continued 


C. THE EVOLUTION OF COMPUTER ASSISTED INSTRUCTION 
Before launching into a discussion of the evolution of 
yet another technology based teaching aid, it is appropriate 
to put the use of the computer in education. in perspective 
EIN cviewintg өсте predictions made about previous 
technological "miracles", 
The widespread introduction of movies in the early σος 
led many predictors to make some astounding predictions. 
These predictions are best summed up by a 1942 quote from 
Charles F. Hoban, Jra, who was then a member of the American 
foemcil on Education: 
"The motion picture is the most revolutionary instrument 
introduced into education since the printing press." 
ГКеҒ. 181 

The test of time has indeed proved the worth of movies ta 


education but not anywhere near the level Mr. Hoban was 


T 
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Suggesting. The extensive use of educational movies on a 
daily basis in public schools did not come to pass. Similar 
predictions were made about television in the late 1950s, 
and about programmed learning in the early 1960s. 
"Television offers the greatest opportunity for the 
advancement af education since the introduction of 
printing by moveable type." CRef. 191 
"Programmed learning is the first major technological 
innovation in education since the invention of printing." 
LRef. 201] 

These quotes are presented not to ridicule their 
authors, but rather to provide an added dimension in which 
to consider similar claims which were made about CAI in the 
194505. 


Computer assisted instruction is more than 29 years old. 


Although conceived in the late 1928s, CAI did not really 


begin to expand until the early 1960е. The earliest CAI 
applications occurred quite naturally іп the Coma sg 
industry as a method of employee training CRef. 2110. а 


Yirtual explosion іп the amount of literature pertaining ta 
various ΓΙ techniques occurred during this time „ү AS 
the use of the computer as a learning tool captured the 
imaginations of authors and educators. A series of related 


collateral events helped to spur the creation of 1 


software. The most important af these was the introduction 
Dy IBM in 19°40 of the first "author" progcamming? language, 
Е ОШЕА Е which Was tailored to support CAI 
applications. COURSEWRTTER ane а series OF other 


specialized languages enabled people with a lower level of 
programming skills to develop moderately sophisticated CAI 
programs. Freviously, CAI programs had been coded іп 
complicated languages, such as FORTRAN, which were very 
difficult for a "non-programmer" to E eem. LRef. 221 
The opening of CAI design and development to 
nonprofessional programmers had a profound eftect on the 
expansion of CAI. A slew of CAI software soon became 
available on everything from ecology and driver education to 
nuclear war ІБКеғ. 231. Most of these early projects were 
tutorial in strategy and made no clear distinction M 
CAI and CMI. Some of the more significant products of thie 
period included systems such as FLATO and TICCIT. The FLATO 
system was one of the first large scale CAI projects when it 
was started in 1950 at the University of Illinois, lroana- 
Champain. A great deal of funding was allotted to the PLATH 
project by a variety of federal, state and private 
activities. Contributers included the Advanced Research 
Frojects Administration, the National Science Foundation, 
and the Control Data Corporation. The primary goals of the 
FLATO project weres 
τ. ` « REG produce a cast-effective computer-based 
educational system with the POWEL ancl flexipility 


necessary for provision of high quality interaction." 
(кеғ. 241 


The technological achievement of 


implementation Was considered a 


developmental history of computers in 


TICCIT (Time-shared, Interacting, 


Information Television» was developed 


Corporation in conjunction with the U 
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In addition to being costly, the tutorial systems had a 
limited market, exasperated by machine dependencies. 
Consequently, no single manufacturer was successful 113 
developing "a stable profit-making product line" (Ref. 781. 
Other factors which contributed to the decline in popularity 
of CAI systems included the attitude and training Of 
teachers. Teachers were not properly trained in the use of 
CAI systems and were not fully aware of the capabilities of 
such systems. This unfamiliarity with CAI systems often 
resulted in the development of a hostile attitude toward the 
use of computers in the schools [Ret. 29]. 

While CAI applications were being drastically scaled 
down, the use of the computer to support Computer Management 
Instruction (CMI) gained wider acceptance in the οσα a, 
community. CMI has two distinct advantages over CAT: ( 1} 
pt us less costly, and ο it is less threatening to 
educators. The reduced costs of a CMI are the result of a 
reduction in hardware costs and the relatively simple 
software requirements. The orientation of CMI taward 
providing administrative help to educators, vice becoming 
directly involved in the teaching process, engendered a more 
positive attitude for teacher acceptance of the computer. 

While CMI techniques continued to expand, interest in 
CAI systems underwent a resurgence with the widespread 
proliferation of personal microcomputers in the late ها(‎ 


and early 19805 [Ref. 301. The popularity of microcomputers 


has opened new markets for specialized microcomputer 
compatible educational software. The reduced memory 
Capacity available with microcomputers led to the more 
widespread use of alternative strategies to the traditional 
tutorial mode. Drill and practice type CAI seem ideally 
Suited to these new machines and this strategy has тарапы 
become dominant in terms of the numbers of applications 
τε; αι. 

Subsequent development of CAI systems through the 
present time has continued to reflect an emphasis an 
designing new systems or adapting Acts systems tor use on 
networks of microcomputers. The develapment of larger, more 
capable CAI systems for use on mainframe and minicomputers 
continues and is incorporating many of the features 
previously unique τω ΕΜ by The designers of CAI systems have 
turned to professional educational psychologists and are 
studying various learning theories in an effort to enhance 
the effectiveness af their products. 

D. OBSTACLES TO THE DEVELOPMENT OF PORTABLE 

MICROCOMPUTER-BASED EDUCATIONAL SOFTWARE 

The development of educational software for portable 


microcomputers has continued to lag far behind that of its 
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microcomputer big brothers. This section discuss 
technical, psychological and administrative obstacles which 
have hampered widespread implementation Ot portable 


microcomputer -based CAI software. 


1. Technical 
The physical limitations of the current generation 
of portable microcomputers places certain constraints on the 
selection of a CAI strategy. The lack of an abundant amount 
of random access memory (RAM) is the most frequently cited 
limitation, but other factors such as the use of less 
capable display screens (no color, limited graphics, limited 


Size) and a lack of viable secondary storage also contribute 


to the problem. A related issue is the inability af most 
portable microcomputers to support a wide array of 
languages. This limitation severely limits the 


transferability of software to portable microcomputers which 
was designed initially for use on larger systems. The 
portability of educational software in general is viewed by 
some authors to be the largest obstacle to be overcome bv 
Cal. and the introduction of portable microcomputers merely 
xasperates this situation. netur ce 
es Psychological 

The lack of a complete acceptance of general Cri 
techniques by educators continues to be a hinderance ta the 
development of CAI systems. The concentration on drill ana 
practice type PAI applications for use with portabie 


microcomputers сап potentially eliminate much of this 
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educator resistance. Other mare subtle problems continue to 


persist, however. Educators аге reluctant to redetine the 


Overall objectives or restructure a particular course iin 


order to facilitate the use of portable microcomputers. 
Instead, use of portable microcomputers is tacked onto the 
“isting course curriculum and no real thought 15 given to a 
deeper integration of the course and the computer. In many 
ways, the portable microcomputer is thought of, and thus 
used, as if it were merely another calculator. Until a more 
thorough integration of portable microcomputers with course 
material is carried out, the effectiveness of this method 
will be limited. Ікет, 2-51 
The introduction of any computer-based method of 
instruction into a classroom necessitates a re-evaluation of 
the role at the instructor and the responsibilities of the 
student. The introduction of a large number of portable 
microcomputers for individual student use can contribute ta 
a feeling on the part of the instructor of a lack of control 
ot the educational situation. 
S. — fdministrative 
Certain basic administrative EI manifest 
themselves with the widespread introduction of a portable 
microcomputer-based CAT. lo be effective, student ٢ 
computer ratios should be as low as possible, preferably one 
Бо опе. Thus, in implementing such a system, a method of 
distributing and accounting for a large number of portable 
microcomputers is required. In addition, while the new 


generation computers are designed to withstand a fair amount 


езү 
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of rough handling, a system to provide for the maintenance 
and upkeep of these devices must be developed. 

The proceeding comments serve e point out the 
necessity of developing detailed plans in order toa 
successfully integrate the use of portable microcomputers 
into a curriculum. Bureaucratic administrations tend to be 
reluctant to develop such plans, preferring to opt for the 
path of least resistance, and maintain the existing banks at 
non-portable microcomputers which are better established and 
are under more direct supervisory control. 

4. ms 

Continuing technological advances may effectively 
eliminate many of the physical obstacles cited above. 
However, it is more difficult to assess the importance of 
the psychological and administrative problems. Nonetheless, 
as the use of portable microcomputers becomes more 
widespread, many of these problems will fade. Ferhaps the 
largest "cloud on the horizon" is rooted in the premise that 
individualized instruction is the best learning technique. 


The very heart of CAI is based on this premise, which has 


HU 


recently come into question. In situations where ΞΕ 
predefined set of skills must be learned in a relatively 
short period of time, individually paced instruction is ot 


less value, [xef, 241 
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In order for most CAI strategies to remain fully 
effective in these situations, methods must be developed to 
transform inherently о τα CAI programs into a 
system capable of treating a large number of students as a 
Single block. Due to its simplicity in design and purpose, 
the drill and practice type of CAL can more easily 


accommodate these scenerios. 


III. A CAI FOR AN INTRODUCTORY LEVEL STATISTICS COURSE 


A. DESCRIPTION OF THE PROBLEM/CURRENT SITUATION 

Statistics has traditionally been on the leading edge oft 
the application of computer technology due to the excessive 
amount of routine (and often repetitive) calculations 
necessary to complete many statistical procedures. The 
professional statistician has learned to rely on the power 


and flexibility of the computer and would be lost without 


IT. In the use of advanced technology, the instruction of 
introductory statistics has centered оп the use orf 
programmable "smart" calculators, such as the Texas 


Instruments TI-39, or on the integration of mainftrame-based 
Statistical packages, like SFSS. Both of these methods have 
associated "ΕΞ hI Gould be eliminated by ithe 
introduction of portable microcomputers. 

"Smart" calculators, while invaluable tools to the 
educated user, are much less useful to the uninitiated 
student as a learning aid. The procedures for interfacing 
with a programmable calculator usually differ significantly 
from normal thought processes which would be involved in 
solving a problem by hand. The end result is often a less 
than optimum understanding of the problem solving process 
and a mindless memorization of keystrokes which fails to 


impart an intuitive understanding af the problem. In many 


Situations, the calculator becomes a crutch, thoroughly 
negating the educational benefits for which it was 
Originally introduced. 

The integration of mainframe-based large statistical 
Packages into the curriculum of introductory statistics 
courses has indeed eliminated many of the problems 
attributed to the use of the programmable calculator. These 
statistical packages have, however, introduced new problems. 
The singular use of any one of these packages requires a 
Significant investment іп computer resources. Multiple 
Simultaneous users of one of these packages can put an 
unacceptable load on these хрепвіуе computer resources, 
The user is required to learn the Joab Control Language (JCL) 
and processing characteristics of large, complex host 
machines in addition to the normal course require me 
These packages are, in general, far more sophisticated than 
is required for instruction of an elementary statistics 


Course. à student can be overwhelmed by the amount ot 


iy 


infarmation generated һу single run of one of these 
packages. The inclusion, Dy these packages, of data which 
has no meaning for the introductory level student can cloud 
the basic issue and can easily intimidate the less capable 
learner. Finally, the accessability and availability of 


computer terminals to interface with these packages can 


became a major problem. 
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With the use of appropriate software, the portable 
microcomputers currently available possess the capabilitiess 
to E come many of the problems which have been associated 
with the above systems. Competitively priced portable 
microcomputers make it feasible to provide each student with 


his or her own unit. This expands the accessability and 


availability of portable microcomputers to the same level as 


programmable calculators. The stand alone operation of 
these units eliminates the expensive consumption of 
Mainframe computer resources. Nevertheless, most portable 


microcomputers have the ability to interface with the 
mainframe over standard telephone lines if necessary. À 
properly designed portable microcomputer-based CAI can 
provide the introductory statistics student with tailored 
educational support, — reinforce the course learning 


objectives. 


B. COMPUTERS AND THE INSTRUCTION OF STATISTICS 
Two distinct modes of computer usage are commonly used 
in the instruction of basic statistics CRef. 351. 
1. Fresentation Mode 
This technique is often used when there are 
inadequate computer resources on hand to support а large 
number of simultaneous users. It consists ot one person, 


usually the instructor, using the available computer 


resources to demonstrate a particular statistical procedure 


or problem in either an online or offline basis. If used in 
an online basis, the instructor will typically execute the 
demonstration іп the presence of the class in a room which 
has been equipped with additional television monitors for 
ease of student viewing. This method allows the student to 
actually see the camputer in operation. When used in an 
offline basis, the instructor will obtain a hardcopy record 
of a session for later presentation to the class. This 
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tter method has the advantage of enabling the instructor 


to edit the results so that it conforms exactly to the 
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subject topic. 
КЫК Direct Mode 

This technique is widely held іп literature as 
superior to the presentation modes: however, its use requires 
a significant AMOUR Of computer resources. This me CD 
requires each student to individually interface with the 
selected statistics packaqe. This package can be mainframe- 
based or  microcomputer-based. If microcomputer-based, the 
interface is almost universallv accomplished on a real time 
basis. If a mainframe package is chosen, then the student's 
interface may be an a real time interactive basis through 


Ehe use af remote terminals, об ona non-real time basis 


(Gffline or batch processing), The advantages of this mode 
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re that it enables each student to individually manipulate 
data and, in most cases, maintains a higher degree of 


student interest. 
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С. STATISTICAL PACKAGES 

A wide variety of statistical packages have been 
developed over the last 25 years. Most of these were 
developed for use by the professional statistician and are 
of little use to the uninitiated student. Frograms that 
have been developed or converted for student use fall into 
two main categories-—-mainframe/minicomputer-based packages 
and the microcomputer-based package. Individual packages 
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from the first category have found ready acceptance from a 
substantial number of institutions which are equipped е 
adequate computer resources to use these large packages 
effectively. No single microcomputer-based package has 
received comparable broad spectrum acceptance; however, they 
outnumber the Е бег навей nackages (не. 
ood: Contributing to the expanding numbers of microbased 
statistical packages 15 the propensity far many, TOME CHE 
most, institutions to develop their awn programs tailored toa 


local needs. The introduction of relatively inexpensive 


microcomputers has also cantributed to this proliferation of 


tailored software. Оп the other hand, the complexity anda 
expense of developing large packages of interactive 
Statistical software for mainframe systems has tended to 


favor a few general purpose statistical packages. 
Representative ait the mainframe/minicomputer-bazed 


statistical packages are the Statistical Fackaqe for the 
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Social Sciences (SPSS) and Minitab. SPSS is designed for 
use on large mainframe computers and consists of a 
е . . comprehensive software collection which form 8 
library of analytical techniques and statistics most often 
used in business and data processing. Its chief advantage 
includes a uniform organization of data for all types of 
analyses and simple command statements that can be easily 
and rapidly changed to meet most common designs". Кет. 
571 
Minitab is designed for use on а medium size computer 
and is a student adaptation of an earlier system called 
OMNITAR. Minitab affords the student the capability to 
converse with the computer in commands similar to English. 
One advantage of Minitab is that it is written in FORTRAN II 
and is easily adaptable to a wide range of medium to large 


screen computing systems. [Re+, ool 


Since no single microcomputer-based statistical package 
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has developed anywhere near the acceptance of the lara 
statistical packages, it is more appropriate to discuss 
current overall microcomputer implementation methods. Опе 
method commonly used in the teaching of statistics with the 
aid of a microcamputer is to have the students self-generate 
solution algorithms using a high level programming language. 
A second approach is ta provide the student with "canned 
programs" to use an the microcomputer at his leisure. These 
programs, whether student authored or canned, can cover the 
whole range of CAI strategies from drill and practice to 
Simulations. In most situations, however, these programs 


tend to be of the drill and practice or problem solving type 


AQ 


due to the larger resource ЕЗІ ыс of the other CAL 
strategies [Ref. 29; Ref. 401. (One exception to this 15 
that microcomputer compatible versions of some of the larger 
mainframe-based packages like SFSS and Minitab have recently 
become available. These programs are а much abbreviated 
form of the original package, but retain the capability to 
conduct most statistical calculations.) 

While the first method of student generated solution 
algorithms has the advantage of providing a more thorough 


understanding of the mechanics of obtaining a solution, it 
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requires the students to have a working knowledge of 


Programming language. Since most introductory statistic 
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courses do not require previous programming experience, this 
method is impractical for most applications. 
D. EFFECTIVENESS OF COMMON STRATEGIES 

OF COMPUTER USAGE IN STATISTICS 

The CAI strategies of simulation and drill and practice 
have consistently been singled out in the literature as the 
most effective methods of assisting in statistical aducation 
[Ref. 41; Ref. 421. Simulations are particularly effective 
hecause they enable the student to manipulate a large number 
Qf variables to produce varying results. Ry а judicious 
comparison of the input variables and the generated output 
from a series of runs, a student can gain a more thorough 
understanding of the relationship of statistical theory to 


actual real world situations. These simulations also serve 
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as a practical, economical and safe way to expose students 
to a variety of situations which can enhance confidence in 
statistical methods. The major drawback of such simulations 
is that in most cases, they require the support of a large 
computer system. 

The drill and practice strategy has the advantage ier 
being capable of implementation оп almost any computer 
device. This strategy is particularly well suited for use 
on portable microcamputers. The objectives of the drill and 
practice strategy are much more narrowly defined than most 
other CAT strategies. This strategy relies oan the 
repetitive solving of a variety of different problems fram 


ane category to cement the procedures in the student’s mind. 


Classroom time 15 typically consumed 1n providi a 
theoretical background and in stepping through one or two 
examples. The drill ancd RT type CAI provides the 
student the capability to work through ai large number οἱ 


Similar problems іп а reasonable period of time. By freeing 


the student from most af the time consuming mathematical 


computations, this method allows more time for concentrating 
on developing an in-depth understanding of the solution 
Dracess,. When implemented on individually issued portable 
micracomputers, the student is relieved of the requirement 
to complete these problems in the artificial environment of 


a school's computer terminal room. CRef. 43] 


IV. CAI DESIGN ISSUES 4 





This section addresses various design issues involved in 
CAI program development. This discussion is intended to be 
general in nature and 15 not constrained by any particular 
hardware configuration. It is important to remember, 
however, that the availability/selection Of computer 
hardware is a major driving factor in CAI design. It makes 
no sense, for example, to develop a CAI package which relies 
on sophisticated color sce if the available selected 
hardware cannot support color  araphics. It is imperative, 


therefore, that the CAI designer or design team know in 


advance the general capabilities and limitations oft th 
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system their product is to be implemented on. 


CAI design issues can be divided into six categories: 


(1) language selection: (5 level of user guidance; E 
level of feedbacks (4) level of online help; (9)' screen 
designi and (6) method of user interface. While each at 


these categories is hardware dependent to some extent, the 
method of user interface exhibits the aqreatest hardware 
dependency. The other categories have greater flexibility 
LM accommodating а variety of hardware configurations. The 
various alternatives available within each category are 


briefly discussed in the following paragraphs (Ref. 44]. 


A. LANGUAGE SELECTION 
The selection of a programming language to use іп 
implementing a CAI 18 driven by two major factors: the 
ability and programming skills of the potential CAT 
developer or builder and the capabilities оғ the 
implementing system hardware. The development of CAI 
packages has typically follawed two paths which are directly 
related to the above factors--the use of specialized CAI 
language or the use of general purpose high level languages. 
(Early CAI packages which were based on a complex menagerie 
of law level аа machine languages have largely been 
supplanted by updated versions which follow one of the above 

two paths.) Γπο. 431 

і. Specialized CAI Language 

The introduction of special purpose CAI languages 
greatly expanded the popularity of CAI systems. These 
languages enable people with little or no prior programming 
experience to design effective CAI packages. The two 
premier examples of such specialized languages are 
IBM's COURSEWRITER, and TUTOR for use on FLATO systems [Fet. 
461. The structure and syntax of these languages 15 


straightforward and special provisions have been made ta 


easily accommodate feedback loops and error 
detection/correction, The major drawback of such languages 
iz the limited number of systems which can support their 
Le, Most af these specialized languages have heen 
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developed for use on large to medium size computers. Even 
portability between similar size computers can be a major 
problem, and microcomputer uses are usually not possible. 
These languages are, for the most part, optimized for 
conversational uses and do not support intricate 
mathematical calculations as well as most general purpose 
languages [Ref. 471. 

If the proper hardware is available and portability 
is not critical to the economic success of the finished 
product then specialized CAÓI languages are the path to take. 
This 16 especially true if the author’s programming 
experience is low and if the programs do not entail 


xCessive mathematical computation. 
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3-171 а eUr pose Languages 

There currently “ists a wide variety of qeneral 
purpose languages which are suitable for the implementation 
Of a CAI package. Two af the most popular are BASIC and AFL. 
ГКеҒғ, 481. The use of BASIC ass а CAI language has been 
accelerated by the introduction of microcomputers, which as 
a rule have the capability to support this relatively simple 
nonstructured language. The use of BASIC has become sa 
widespread (BASIC became the most frequently used CAI 
language in 1976 [Ref. 491) that current versions have been 
provided with control syntax to support structured 


programming. 
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The proper use of common general purpose programming 
languages can greatly enhance the portability of the 
finished product. In addition, the expanded computational 
capabilities of languages such as AFL make them particularly 
well suited for tasks involving intricate calculations. The 
major drawback of such languages is that their use requires 
a certain amount of training and expertise. Experience has 
shown that in order to use these languages as effective 
vehicles ta implement а CAI, a detailed working knowledge ot 
the language is required, 

In many cases, the selected hardware will require 
the use ofa general purpose language. This type of 
language is always a good path to follow if the author is an 
experienced programmer or if portability of the finished 


product is required. 


B. LEVEL OF USER GUIDANCE 

A great disparity exists between different CAI packages 
as to the amount of guidance provided to help navigate’ the 
user through the program. The level of qQuidance must Бе 
thorough enough to enable the inexperienced user to access 
the system, but concise enough not to slow down experienced 
"users. Most literature on the subject centers on the use of 
menu driven systems where at each stage of a program, the 
user is provided with a restricted set of options. There 


із, however, a less frequently used method which grants more 


autonomy of control to the user. These "user controlled” 
programs allow the user to branch anywhere on the program at 
any time. Both methods embody significant issues which need 


* 


to be addressed [Ref. S0; Ref. 511. 
1. Menu Driven Systems 

The use of various menus to guide a student through 
a CAI program presupposes a finite number of solution paths, 
each with well defined sequencing. This assumption holds 
true for most CAI applications, particularly in mathematics 
and statistics. Well designed menu displays can eliminate 
the need for extensive “ternal user documentation and can 
compress the amount of time necessary to learn to interface 
with a program. Menu driven systems can be subdivided into 
single and multi-level menu systems. A single level system 
is designed with one basic set of menus which are viewed hy 
all users. The multi-level system is comprised of a number 
of groups of menus, with a different group of menus 


design 
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ted for use by different categories of users. Тһе 
advantage of the multi-level system is that it allows a more 
experienced user access to a "streamlined" set of menus ta 
speed execution of the program while still providing a group 
of menus containing more detailed guidance to the less 
experienced user. Multi-level systems, however, require 
additianal development time and computer overhead when 


compared to the less flexible single level systems (Кет. 
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a User Controlled System 


User controlled systems provide more autonomy to the 
user in determining the flow of the execution of a program. 
This type of system is well suited to presenting lesson 
material in which sequencing is unimportant CRef. S31]. The 
complexity of designing user controlled systems has limited 
their usefullness to date. Another problem associated with 
this method is that the user must have a thorough knowledge 
of the structure of the program in order to know ali the 
branching options which are available. Іп addition, bv 
allowing for total user control, the student may spend an 
excessive amount of time reviewing material which has 


already been covered (Ref. 341. 


С. LEVEL OF FEEDBACK 

The ability of a CAI system to provide instant teedback 
to the user is perhaps the most valuable aspect of the 
utilization of computers in education (Ref. 551. In the 
context af CAI systems, feedback refers to program Ge ο 
intormation which is provided to assist the user iin 
achieving educationai objectives and to supply guidance in 
che proper execution of the program. Feedback is routinely 
used to alert the student to the use of improper procedures 
OF incorrect solutions, Έα request additional student input, 
and to provide appropriate comments ta enhance a student's 


confidence or to reinforce certain aspects of learning. 


This feature sets CAI apart from the earlier, more 
traditional methods of individualized instruction such as 
programmed instruction. With the use of a computer, the 
system has control af the feedback and can tailor it for 
display at precisely the right moment to optimize its 
effectiveness. Frogrammed instruction, an the other hand, 
includes no such control mechanism. 

All five of the previously mentioned CAI strateqies 
include a method to provide feedback: however, the content 


and the amount of feedback presented to the student varies 


D 
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among the different strategies and, to a lesser extent, 
between applications within the same strategy. Frograms 
based on the tutorial strategy, for example, typically 
provide a far greater range of feedback than the simpler 
Grill and practice type CATs. To illustrate this point, 
consider the situation when a student inputs an incorrect 


solution to а question generated by a CAI program. Typical 


feedback commonly encountered by a student using a drill and 


| 


practice type CAI in this situation may consist oft a 
relatively brief statement alerting the student to the error 
and perhaps providing the correct solution. Τη, 220117 211 tO 
this infoormation, the feedback provided by a CAI proaram 
based on the tutorial strategy may point ant possible 
alternative solution methods, and in the more sophisticated 


rograms а diagnosis of the student ' s error may be 
9 


available. The problem facing CAI designers is to decide 
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(1) at what point in a program is feedback appropriate; and 
(2) what should the feedback consist of? 

It has long been an assumption of educators that 
feedback facilitates education and (in its simplest form) 
the more constructive information contained in the feedback, 
the better [CRef. 261. This assumption, which is exceedingly 
difficult ta prove definitely, harbors serious implica Ше 
in the design of a CAI system. As the desired level of 
feedback within a CAI increases, program design becomes more 
ТЕ Ее The additional control mechanisms required toa 
implement a high level Of user feedback сап add 
significantly to the time and cost of development. The use 
Qf a higher level of feedback also consumes more computer 
Qverhead, particularly memory space. This additional draw 
on computer resources 15 typically insignificant ma 
moderately sized CAI systems which are implemented an large 
mainframe computers. In the development of CAI software far 
microcomputers, however, the increase 1 ΓῚ overhead 
requirements can become a critical issue. 

in arder to minimize the amount of precious computer 
resources dedicated to providing feedback within a CAI, it 
is necessary to better define what the optimum level of 
feedback should be. (Notice that this statement rejects the 
assumption that more feedback is automatically better.) The 
results of various studies іп the literature which attempt 


to answer this question are inconclusive. Wa X Roper 


zu 


conducted a quantitative analysis of the problem in 7 
using a statistics oriented CAI as the test vehicle (Ref. 
a/l. Quantitative testing of students who had been exposed 
to the same basic CAI package but with various levels of 
feedback demonstrated that "information-providing" feedback 
(such as providing the correct answer) was superior toa 
feedback which merely let the student know whether his input 
was correct ar incorrect. The study, like previous studies, 
failed to quantify a level of feedback beyond which is 
counterproductive. It is nonetheless intuitive that such a 
level exists. 

The proper incorporation of feedback in a CAI is an 
exceedingly complex issue and even seemingly minor points 
require a significant amount Qf thought. However, because 
оғ ENS importance of feedback to the success of any CAIL, the 
design team must make every effort ta determine and to 


provide an appropriate level of feedback. 


Dee LEVEL OF HELP 


ls 


ni 


HELF is the general term used to describe materi 
which are provided to assist the user in understanding the 
Operation of the program oar the content of the cavered 
material. Many of the same issues which were discussed 
about feedback apply to the level of HELF. à major 


difference, however, is that HELF can be provided ottline, 


H 
il 


as well A= Online. iltflinse HELF can consist Or Lis er 
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manuals, student guides, textbooks, etc. It is up to the 
designers to determine a proper balance between online and 
offline HELF materials. Offline hardcopy materials tend to 
be cheaper than the development of online HELF facilities, 
and they have the obvious advantage of not consuming any 
computer overhead. Online HELF has the advantage of always 
being readily accessable to the student during a session. 

A number of issues affect the complexity and cast aft 
designing online HELP materials. The ability to invoke HELF 
from any point in a program and then resume processing tram 
the point where HELF was invoked is desirable, but it 
entails the consumption of significantly more computer 
resources than simpler methods. Same programs, tor example, 
will allow you to branch to the HELP display at any time but 
processing is resumed at any one of a number of set return 
POINTS: Obviously, as the number of set return points 
increases, this method more closely approximates tne primar 
method. The indiscriminant addition of these set return 
points beyond a certain level will, however, eliminate any 


Savings in averhead and devel opment costs. Ferhaps the 


: 


simplest method of providing oaonling HELP 15 to have a 


limited number of predefined points where a user can invoke 
HELF and always resume processing at the beginning of the 
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О++11пе HELF can significantly enhance the effectiveness 
af a CAI package ) rat is carefully constructed. 


Unfortunately, the development of operations manuals and 
other HELF materials has traditionally been neglected and, 
in many cases, has become a task which is not started until 
the programming phase has been completed. The use of menu 
driven systems has reduced the need for offline HELP in many 
systems but a certain minimum level af requirements tar 
offline HELF should be maintained. As a minimum, 8٥ 
procedures for loading and executing the program, along with 
a brief description of the purpose and methods used, are 
requirec, examples at valid input and the corresononding 
output can be particularly helpful to the beginning student 


and should form a large part OT “Any “Grebe? si 


i 


documentation. 


E. SCREEN DESIGN 


sereen design 18 concerned with the proper display of 


m Oor mation to the user, The term STEER) jrefers to the 


E ced toe dismpnlav the information, tvoically electronic 
! г š y 
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monitors or LCD displays. It is a broad category in which 
decisione affect how information is formatted for dispiav 
throughout the program, including such items as menus, 


feedback and HELF information, as well ae educational 
materials, For the purpose of this discussion, screen 
design issues have been separated into two subcategories: 


(1) basic screen design, and (2) enhanced screen design. 


Basic screen desi Qn includes such topics as screen control, 


text appearance and format, and character appearance. 
Enhanced screen design encompasses the use of color апа 
graphics in CAI systems. 
1. Basic Screen Design 
а. Screen Control 
Screen control is concerned with the method of 
determining how long information should appear on the screen" 


and how information should be replaced or retreshed with new, 


information. Most CAI systems control the screen display 
through a combination af scrolling, scrolling with pause, 
and paging ІКеЖ. 281. 

“μπας Οἱ σπα This method approximates what a 
user would see with an ald teletype system. New information 


enters the display on a line-by-linge basis either from the 


Γον το the bottom of the screen as old information 
disappears off the appasite side О the Screen, 
(Alternately, information can be scrolled horizontally 


across the screen on a character-by-character basis. This 
method is not as frequently used as vertical scrolling, but 


can be an effective means of communicating special messages 


to the user.) Determining the rate at which this scrolling 
proceeds is critical; too fast and the student will nat have 
time to absorb the material, too slow causes unnecessary 
delays in the program and may lose the attention oft the 
student. While most all systems are capable of supporting 


scrolling, some can perform the task better than others. 


The better systems provide for a smooth, continuous flow of 
information, while in other systems, the movement of 
information appears to be jerky and, consequently, is harder 
to read. As a general rule, scrolling should stop when 
there is no additional information to display, leaving the 
last screen full of data available for perusal. 

ӘСЕЛ e information is particularly 
appropriate for the display of long columns ot data which 
cannot be accommodated by a single screen. Scrolling qe 
also appropriate when the system requires students to 
respond to a series of related questions in  stepwise 
fashion. In this manner, the student is afforded the 
opportunity to view the immediately preceding questions and 
his or her responses. 

--Scrolling With Fause: [his method embodies 
all Ae Series of normal scrolling with the additionnal 
feature of allowing the student to momentarily stop the 
scrolling action at will. This addition increases the 
flexibility of any CAI and allows for a much wider range of 
reading comprehensive ability. à slow reader іс now 
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afforded the opportunity to control the overall speed 
which information is presented. This feature is especially 
useful when mathematical formulas or complex data are 
displayed. Many students require more time to absorb this 
type of material and the ability to suspend the scrolling 


action is one user controlled method of allowing far this 
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— time. This method also has a psychological advantage 
over regular scrolling in that the pause feature gives the 
student a feeling of control over the program. 

——Fage Control: With page control, new 
information enters the display in blacks vice line-by-line 
as in vertical scrolling. These blocks Of information 
(often termed a page) are usually designed to fill one 
complete screen. In most cases, the "refreshing" of the 
screen is controlled by the student and in some programs, 
the student can advance this page forward as well as 
Dackward. This feature is extremely useful іп reading 
textual material such as in the HELP mode of most CATs. 
With paging, a designer can individually format each screen 
full of information to optimize the visual effect of the 
material. Faging eliminates some problems commonly 
associated with scrolling, such as scroll rate, and is 
usually easier to read. "aging is the preferred method tor 
mast purposes in CAI CRef. 291. 

b. Character Appearance 


Character appearance addresses the issue of 
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exactly what type of characters should be used to display 
information. То some extent the type ot characters 
available will be restricted by the supporting hardware, but 
most newer hardware configurations can support a wide range 


ot character fonts. This discussion will center on the 
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methods most commonly used in x1sting CAI systems-- 
uppercase only: mixed case; and special fonts. 

--Пррее Case Only: In same of the older 
computer systems and ina few of the less expensive personal 
microcomputers, upper case letters are the only option 
available. (If the CAI being designed is to be implemented 
solely on such a system, the designer should ignore this 
section.) Most computer systems, today support beth upper 
and lower case, and the judiaus use of all caps in certain 
select areas сап enhance a screen display. In addition tû 
highlighting titles, uppercase characters are effective in 
emphasizing certain key points in a lesson or in providing a 


ready means to visually separate user input from system 
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feedback. The types of items which are going ta be 
E sved in uppercase characters should be decided upon 
early in the design af a CAI so that their use is uniform 
through all applications. The random use of caps is 
pointless and confuses the student. 

--Міхес Сазе: Mixed case 15 the converse оғ 
upper case anly. Mixed case cheracters make text easier to 
read and, as a general rule, should be used for this reason. 
A particularly effective method to highlight important 
material 15 to embed mixed case characters within 
surrounding material which is in all caps. 

—-Special Fonts: Special fonts in this contest 


include such character formats as italics, bold, Romar, and 
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underline. These асын USE fonts are all used to draw 
attention to a certain point or topic. To be effective, 
they should be used  sparingly. Because ot the hardware 
restrictions of many systems, it would ке prudent toa 
determine the capabilities of the proposed implementing 
system before special fonts are included as part of the 
design of a CAI. 
c. Text Арреагапсе апа FOCUS 

Text appearance is the formatting of the display 
of sentences and paragraphs. Issues within this category 
include line spacing, and the proper logical focusing of 
content and quantity. 

—--Line SPACING: Textual data is generally 
easier to read in a double ЖЕНЕ format. Single spacing 
can be an effective method to separate certain =етес ии 
Οἱ information. When deciding on a choice of line spacing. 
the size of the screen should be considered. If the screen 
can only display a relatively small number of lines at one 
time, double spacing mav be out of the uc MEN (Most CAIs 
are designed for the larger computers and microcomputers 
which have a full size screen capability.) 

LOGICA! FOCI of Content and Quantity: 
Logical focus of content and quantity is a cryptic way of 
pointing out thart iet ον rules of qood writing should be 
followed in the design of a CAI. Thoughts or ideas should 


not be split between displays. The quantity of information 


contained on any one display should be sufficient to cover 
the lesson topic at hand but not overwhelm the student. The 


screen should not appear cluttered or overcrowded [Ref. 601]. 
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2. Enhanced Screen Desiaqn 
a. Color 

The proper use of color makes any program more 
attractive and can be a particularly effective LAI 
technique. The basic issue with the use of color is when 
and where it can be used most effectively. Color is most 
effective at separating portions of the screen display to 
designate certain areas for specific uses; feedback only, 
for example. Special modules within a program сап be 
assigned different background colors to distinguish them 
from normal program operations; сае Περ οδοί αν, for 
example. The use af color to display text is ап eftective 
method of highlighting certain key points. Color should not 


De used to such an extent that it draws attention away tram 


the topic subject. In addition, it should be remembered 
that certain colors can increase eye strain if used ta 
Elay textual data. Remember, color is nice., but mast 
topics which are readily adaptable to CAI techniques can be 
effectively programmed without the use of color. This is 
not to say that color should not be used, but merely to 


point out that the introduction of color should serve a well 


defined purpose in the program CRef. 411]. 


b. Graphics 

The increasing capabilities of almost all types 
of computer systems to generate high quality graphics makes 
their incorporation into even the simplest CAI system more 
likely. To be used effectively, they must be carefully 
tailored to individual topics within a CAI system. Since 
the primary focus of this thesis is on statistical CAI 
systems, it is interesting to note a disparity іп the 
literature regarding the use of graphics in statistical 
applications. While most authors enthusiastically endorse 
the use of graphics for illustrating statistical concepts, 
the only quantitative study located on the subject for this 
thesis found no significant difference between CAI systems 
with graphics as opposed ta those without graphics [Ref. 
e What this Suggests is that CAI designers should use 
graphics sparingly and only when an illustration is likely 
to add additional information not readily discernible from 


text. 


F. METHOD OF USER INTERFACE 

35 pointed out in the introduction to this section, the 
method of user interface is the most hardware dependent of 
the six categories of design issues discussed. AS 
technology advances, additional methods of interfacing with 
a computer system will likely be developed. While CAT 


technology has the flexibility to incorporate almost any 
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specialized interface technique, this discussion will 
address only the more common methods--keyboard, mouse, light 
pen, infrared touch screen, interactive  videodisk, and 
sound/voice. 
1. Keyboard 

This method is by far the most common method of 
user/computer interface and its popularity has naturally 
carried over into the field of CAI. The most ` obvious 
advantage to using the keyboard is an increase in the 
portability of the finished product since keyboards are an 
almost universal method of computer interface. In addition; 
the "standard" keyboard is familiar and can be readily 
adapted to by most students. Another major advantage af 
this method is that it allows for a much wider range of 
response to questions offered by the CAI program, and it 


facilitates creative student inputs. 


The biggest drawback of using a keyboard as an 


{Я 


interface is that, for the most part, CAL systems do not 


handle typing errors well. For example, if a system із 
expecting a student to type either "yes" or "no" and the 
student responds with a "ved", most CAI programs are пої 


capable of recognizing this response and the program trips 
to an error routine. An effective method oft limiting the 
effect of typos is to require only single character 
responses from the student where possible. This minimizes 


the opportunity foc typos toa occur. Another problem with 


Sl 


keyboard usage is that moving the cursor around the screen 
to position a response or to select a displayed item is 
relatively slow and inefficient when compared to other 
methods. In addition, it should be pointed out that while 
most students are familiar  wwith the keyboard, it has not 
vet been incorporated as a standard tool within the 
educational system to the extent that paper and pencil have. 
E Mouse 

A mouse 15 а handheld tool with an embedded ball ar 
LED light which, when moved across a mouse pad or a hard 
surface such as a table top, causes the cursor to be 
repositioned a proportional distance an the display screen. 
Use of the mouse is growing in popularity due to its 
capabilitv to rapidly manipulate the cursor іп any 
direction, It is especially useful when the user wishes taG 
use the keyboard as little as possible. When incorporating 
the use of A mouse into the design of a CAI, it should be 
remembered that it is difficult to repeatedly shift from 
mouse to keyboard and back. Therefore, the total design of 
the CAI should be integrated into the use of a mouse. This 
entails such things as the modification of menu selections 
and less reliance on questions which require a character оғ 
textual response. Since the mouse is not a familiar tool toa 
mast students, it takes time to gain proficiency in its use. 
Therefore, the mouse should not be used in short CAI 


programs which will not Бе repeatedly used by а student 
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unless the program is embedded in a sequential series of 
programs which utilize the mouse. 
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Light Fen 


The light pen is a handheld device, resembling a 
pen, which is also used to facilitate the rapid movement of 
the cursor and to select areas of the display. The user 
touches the end of the light pen to the desired area af the 
screen. Fressure оп the tip of the pen opens a gate which 
allows a small amount of light through to the screen. The 


screen senses this light and moves the cursor te the 


selected location. The advantage of the light pen over the 
mouse 16 that it gives the user "direct" control over 
positioning the cursor. It also may not require the extra 


space needed by a mouse, and is much simpler to learn to 
operate. lise of the light pen in DOE SA with the 
keyboard 15 а relatively easy operation. The implication ot 
these features in CAI design is that it is feasible to 
devote only certain portions of a program to use of the 
light pen and still retain the keyboard as a primary input 
device. This is especially significant because it 
facilitates the backfitting af current CAI software to take 
advantage of the features of a light pen where appropriate. 
4. Infrared Touch Screen 

This relatively recent development allows the user 

to select areas of the screen and to position the cursor bv 


merely touching his finger ta the desired area oft the 


screen. The screen then senses the infrared radiation 
generated by the tip of the finger and moves the cursor to 
that location. The use of this method is analogous to the 
use of the light pen, substituting a human finger far the 
mechanical light pen. This sytem further eases Operation in 
conjunction with a keyboard and, thus, can easily be 
incorporated into the design of a CAI system. 
a Interactive Videodisk 

The interactive  videodisk is primarily an output 
device which enables a much wider range of graphical and 
pictorial responses, The use of the videodisk can 
significantly enhance a CAI package which requires extensive 
use Of visual material. То maximize the effectiveness of 
this method, detailed plans for its use need to be made 
during the design phase. The MUROS. is well suited to 


the tutorial and simulation CAI strategies. 
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Sound Voice 

The generation at sound, an output mechanism, and 
the use af voice recognition, an input mechanism, can 
provide an added dimension to a CAI system. The use of 
various output sounds to enhance certain aspects of a CAT 
system is a relatively old and well understood te-hn s mz 
Feedback is one area in particular where the use of sound is 
appropriate. Today s computer systems can generate a wide 
array of sounds, from simple tonal renditions to the 


Simulation of a human voice. Desiqn issues relate to what 
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type and where sound should be used. Other considerations 
include the environment the CAI will be utilized in. In a 
room with a number of terminals, the use of CAI with sound 
generation can be distracting to other students unless 
Proper precautions are made (such as the use of headphones) 
Geet. 621. 

Voice recognition as an input device is a relatively 
new field which DUM E great promise to CAI designers. When 
this technology fully matures and becomes more widely 
available, the use of voice recognition in conjunction with 
the keyboard could become the primary method of CAI 
interface. Obvious advantages of voice recognition include 
the elimination of typos and, for long input strings, a 
faster response time is possible. In addition, the use of 
vOlce is a more natural means of communication. A number ar 
technical problems must be resolved betore this method can 


be fully incorporated into an effective CAI system, however. 
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Advantages 


xMost common method 
Of interface. 


Keyboard 


*Increased portabi- 
lity of finished 
product. 


*Facilitates cre- 
ative student 
inputs and allows 
for a wide range 
of response. 


*Allows for the 
rapid manipulation 
and positioning of 
the cursor. 


Mouse 


Can be used to 
minimize the use 
of the keyboard. 


*(3ives the user 
direct contral 
over positioning 
the cursor. 


Lightpen 


#Simple to learn to 
operate. 


*Can be effectively 
backfitted to por- 
tions of existing 
CAI systems. 


Figure -2e 


Disadvantages 


*Typos in student 
input must be con- 


sidered in the 
design of the CAI. 


*Movement of cursor 
tends to be slow 
and cumbersome. 


*¥No single industry 
keyboard design. 


*ÜCan be distracting 
and time consuming 
to repeatedly shift 
from the keyboard ta 
the mouse and back. 


eRequires time to 
learn to use etfi- 
ciently. 


ἘΠῚ ΕΓΙΕΕΠΕ ΤΗ 
effectively incor- 
porate the use of 
a mouse into 
xisting САТ 
systems. 


¥Can require special 
CRI mounting теспе 
niques, 


*Almost always used 
in conjunction wi ii 
another primary in- 
put device. 


Advantages and Disadvantages of 


Various User Interface Methods 


Infrared Touch 
Screen 


Interactive 
Video Disk 


Sound/Voice 


Advantages Disadvantages 


*Gives the user *Requires special CRT 
direct control hardware. 
over positioning 
the cursor. xMot suitable in most 
Cases as a stand- 
xMothing to learn alone input device. 


to operate. 
*xCan easily be incor- 
porated into CAI 


design. 


*Facilitates a much *Frimarily an output 


wider range of only device. 
graphical and pic- 
torial responses. xEffective use 


requires detailed 
plans during the 
design phase. 


*Particularly well *#High cost associated 
Suited to providing with voice input 
feedback. systems. 


Elimination of xVoice recognition 
typos. technology not fully 
matured. 
*xMost natural means 
Of communication. 


Figure 3. Continued 


V. LIFE CYCLE DEVELOPMENT METHOD FOR A 
DRILL AND PRACTICE TYPE CAI 

This section will develop a standardized systematic 
methodology which can be applied to the development of a 
drill and practice type CAT. An earlier version of this 
methodology was successfully utilized by the author in the 
development of the portable mi crocomputer—-based CAI package 
which is included in the annex of this thesis. 

The developed methodology is divided into six distinct 
phases; (1) feasibility analysis; (2) initial design; (2) 
detailed design; (4) program development; (3) code and test; 
and (6) implementation and course integration. (The basic 
framework for this methodology is based on a composite of 
previous work in this area by Steinberg ΠΠ 54], and 
pi De Кексе ел) While in a macro sense, the execution 


of the phases is essentially sequential, many of the 


components of the individual phases can be completed 
simultaneously within each phase. This concept is 
illustrated in Figure 24, which outlines the various 


components of each phase and the execution sequence. In the 
application of this model to portable microcomputer ~hasad 
systems, the initial design phase is critical. The desian 
choices made during this phase must be carefullv selected in 
order to ensure that the technology exists to implement 


these choices on a portable microcomputer system. 
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A. FEASIBILITY ANALYSIS PHASE 

The basic objective of this phase is to ensure that the 
development of aCAI package to accomplish the desired 
application is feasible. A secondary goal is to ensure that 
all the decisions necessary to effect a smooth transition 
into the initial design phase are made. In order to 
accomplish these objectives, four distinct task areas have 
been defined: (1) subject/topic validation; (2) development 
of overall goals and objectives; (3) determine the student 
user's characteristics: and (4) determine the system level 
of implementation [CRet. 641. Upon the successful completion 
of this phase, the output from these individual tasks will 
be used as guidelines during the subsequent phases. It is 
important to etat these guidelines are not "cast in 
stone" and are subject to modification as necessary. τες 
however, extensive modifications are made, it would Бе 
prudent to review each of the tasks in this phase to ensure 
the project remains viable. 


1. Subject/Topic Validation [Ref.47] 
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Not all subjects/topics are condusive ta the 
application of the drill and practice CAI strategy. In 
addition, some subjects may support this type of strategy 
but remain poor candidates tar a CAI due to other reasons. 
Ап ideal SPEC CAES oe ο πο αι] and practice Cal 


Strategy will exhibit the tollowing three characteristics: 
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а. Stable Curriculum Content 
The composition of the course curriculum should 
be relatively stable and free from significant aberrations 
over time or between instructors. The content of a CAT 
System will parallel that of the selected course and cannot 
be rapidly and economically adjusted to sweeping changes in 
this content. 
b.  Froblem and Procedure Oriented 
The foundation of the drill and practice 
strategy 1S providing a student the opportunity to cycle 
through a number of similar processes in a rapid fashion. 
The subject/topic must contain problems or procedures which 
can be assimilated into this repetitive cycle in order to 
¿ass P τρις strategy. 
с. Sufficient Course Demand 
The development and implementation of any Cel 
system is costly, both in terms of resources and time. 
While the drill and practice strategy has the advantage of 
having the lowest Т costs, it is still not a viable 
solution if the course for which it was developed 16 nat 
offered оп а recurring basis or has law student 
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and Specific Objectives 
In the design of any system оғ organization, the 


need for well defined qoals and objectives 15 imperative. 


The development of such  goals/objectives early on in the 
design of a ΓΑΙ is equally important because it is their 
content which will determine if a drill and practice type 
strategy is appropriate. After verifying that the desired 
result сап be achieved within the framework of this 
strategy, these  qoals and objectives can be used as a guide 
in the development and subsequent assessment of the program 
package. The development of these goals and objectives 
should be a joint effort involving both the instructor (5) 
and the potential CAI designers. ёп ongoing review should 
also be conducted to ensure that the goals remain valid and 
that the chosen objectives are contributing to the 
accomplishment of these goals. Major modification of these 
goals later in the lifecycle development can result in an 
invalidation of a project's feasibility. 
^. Determine Student User's Characteristics 

knowledge of certain user characteristics such as 
E Tonal level, previously acquired skills, maturity, and 
level of motivation are important in the subsequent design 
of a CAT. Nhtaining a list of the required prerequisites 
and skills required for enrollment in the subject course 15 
a good first step. To Optimize various designer features, 
however, additional information about the potential users 15 
necessary. Certain features can be incorporated into the 
design of a CAI to help compensate for low motivational 


8: Ref, 591. 
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users or educationally deprived users (Ref. 
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The addition of these features costs additional resources, 
however, so they should not be casually thrown into a design 
merely to meet all contingencies. When designing a system 
for implementation on portable microcomputers, it is 
particularly important that the user population be mature 
enough ta properly handle and sateguard the issued 
microcomputer. (Otherwise, not only will the CAI be 
ineffective, but the tools το implement follow-on programs 
may be irreparably damaged.) 
4. Determine System Level of Implementation 

Information regarding the project goals and the user 
population s characteristics should be analyzed to detemine 
the ideal size of the computer system needed + Giz 
implementation. While the statement of some goals might 
clearly support or even spell out what type of computer 
system 1s to be used, mast will not. It is important to 
carefully integrate all the above information to ensure that 


certain goal 
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user characteristics do not ΓΕ... 
different or conflicting hardware configurations. lf و‎ ٢ 
example, one ot the goals is for the system to be capable of 
being implemented оп а portable microcomputer, a careful 


analysis af other goals should be conducted to determine how 


much random access memory is needed, and if overlay 
techniques are going to be necessary. The advice of 
professionals who are familiar with the various hardware 
configurations under consicderaton should be sought. 
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Remember that at this stage, a decision about the general 
system characteristics is all that is needed. Specification 
of exact hardware requirements is done during the next phase 


after the primary design features have been delineated. 


B. INITIAL DESIGN PHASE 

The basic objective of this phase is to decompose the 
valid subject/topic into coherent, logical categories of 
problems or procedures which can be subjected to a thorough 
task analysis in the next phase. Other objectives include 
the specificatiion of the desired primary design features, 
and hardware and program language specifications. ΤΕ 
accomplish these objectives, four task areas have been 
defined: )1( definition of logical categories; (2) 
subdivision of each category into groups of problems with 
Similar characteristics (CRef. 701; (3) determine the primary 
design features; and (4) hardware and language selection. 
As illustrated in Figure 4, the accomplishment af these 
tasks is A purely sequential in nature. The selection af 
the primary design features and hardware/language selection 
can be accomplished in parallel with the definition and 
subdivision of the categories. In order for this phase to 
be completed successfully, a thorough knowledae ot the 
subject /topic is necessary. If the potential designer of 
the CAI system lacks the detailed knowledge required, this 


phase should be conducted with the extensive outside 
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assistance of an person, or group of persons, who Nave an 
adequate background in the subject. (Ideally, the designer 
of the CAI should be well versed in the specifics of the 
course to be automated. This is one of the best arguments 
for the development of a CAI system in-house where personnel 
with proven skills in the subject matter can be assigned CAI 
development tasks.) 
la -Definition of Logical Categories 

This task involves carefully reviewing the entire 
array af skills and procedures which are either currently 
being taught or are required to meet the goals developed in 
the previous phase. The first step iud develop an initial 
list or outline of these skills and procedures. Specific 
items on this list which cannot he adequately addressed by 
the drill and practice CAI strategy, or whose automation 
would not significantly contribute to the stated goals or 
on jectives, should be crossed out. The items which remain 
represent a complete listing of the type of procedures or 
Skills which will be addressed by the develaped CAI system. 
An initial attempt should then be made to define a series of 
broad categories of items from the list. Ideally, these 
categories will represent a logical sorting of the items, 
based on an in-depth knowledge of the subject matter. For 
example, the calculation of the mean of a data set should 


not be placed in a category titled, "Inferential Statistics” 
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but would be more appropriate placed under "Descriptive 
Statistics". The resulting logical categories should be 
reviewed to ensure they are defined in a manner consistent 
with the program's goals and objectives. 
2. Subdivision of Categories Into Smaller Groups 

In order to simplify the detailed task analysis 
which will be conducted during the next phase, each of the 
categories created above should be subdivided Dp ci 
individual groups of problems. Each of these groups should 
exhibit similar computational and/ar theoretical 
characteristics. The separation of problems into groups in 
this manner will ease the development of solution algorithms 
and serve as the initial step in the definition of distinct 
program modules. The programming of problems which are 
solved using similar techniques can often be accomplished 
with the development of one common use algorithm. Groups of 
problems which draw on the same theorems, axioms or 
postulates for solution will, in many cases, require certain 
Standard values which can be stored once in a oes anc 
accessed by various problem solving algorithms when 
necessary. This computational and theoretical grouping 
reduces program redundancy and usually results in the saving 
Qt memory space. This procedure suggests that the result of 
defining а small number of large groups will Бо а 
significant reduction in the number of required solution 


algorithms. Rigid adherence to such а procedure can, 


е. 


however, unnecessarily complicate a program and xtend 
development time. Algorithms which are designed to solve an 
excessively wide range of problems tend to be more complex 
and time consuming to develop, and especially difficult to 
adequately test |ІКеғ. 711. Therefore, care should be taken 
to ensure that each grouping has well defined boundaries 
that effectively narrow the range of problems to be 
addressed to a ο ο с ОИ Intelligent development of 
these groupings can result in a significant reduction in the 


time and effort required for overall project completion. 
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2. Determine Primary Design Features 
This is the most critical task to be completed 
during this phase. It involves making decisions about CAI 
design issues such as the method to be used to effect user 
interface, certain enhanced screen design issues, and the 
desired level of guidance, feedback, and HELF. The 
decisions made must be compatible with both the goals and 
objectives of the program and the general computer system 
characteristics which were developed during the previaus 
phase. Due to the importance of decisions about these 71 
design issues, it is wise to involve both the potential 
course instructor (5) апа select student users. 
Same of the more common user interface methods 
include the use of a keyboard, mouse or  lightpen. (The 
design issues related to each of these interface methods 


a) Due to the 
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were discussed previously in this thesi 


unique programming requirements required by certain 
interface methods, it is critical that a selection be made 
prior to advancing to the detailed design phase. The 
retrofitting of a different method of interface to ап 
already completed CAI can involve a significant amount of 
reprogramming and, depending upon the new interface method, 
may not be feasible within the framework of the existing 
program. The selected interface method should be either 
familiar or easily learned by the user population, and 
should provide a method to rapidly respond to the type at 
queries anticipated for the developed CAL. 

The actual layout of individual screen displays and 
the associated design issues takes place during subsequent 
phases. Enhanced screen display design features such as the 
use of color and graphics should be addressed during thie 
phase before actual hardware selection. It is again 
emphasized that color or graphics should not be introduced 
to a CAI unless they contribute to the overall οι. m+ the 
program. 

Decisions made during this phase regarding the 
levels of guidance, feedback, and HELF directly impact on 
the method and complexity of the programming task. In 
general, the higher the desired level in any af these three 
categories, the more complex the resulting pragramming 
etfort will be. In CAI systems, the issues of guidance, 


reedback, and HELF permeate through the development of the 


uy 


entire program. Therefore, it is important that these 
issues be decided upon early, and that the resulting 
decisions adequately address the learning needs of user 
population. 
4. Hardware and Lanquage Selection 

This task involves the selection oft the proper 
hardware and programming language which will be used ta 
implement the developed CAI. While hardware selection and 
programming language selection can be discussed as separate 
issues, the interrelationships between the two (particularly 
in microcomputer systems) require that this selection 
process be a combined procedure. The actual selectian 
should be made from within the framework of the general 
system characteristics developed during the Feasibility 
Analysis phase, and should incorporate the capability to 
support the desired design teatures outlined above. 

án initial estimation as to how many complete 
systems and the number of individual IG required 
should also be made at this point. The quantity of bath can 
be expected to vary with the nature of the CAI, how it is 
used, and the cast of the individual components. In most 
Cases, this estimate can readily be modified at any future 
paint in the development without seriously affecting CAT 
programming. Exceptions to this include cases where special 
programming techniques may be required to support multiple 


users in a time sharing environment. 
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Since it may not be possible to obtain a cost 
effective hardware/programming language package to achieve 
all the desired design features, it may be necessary to go 
back and reassess which design features are required. This 
process should continue in an iterative fashion until a 
satisfactory match has been made. In all cases, the various 
Planned requirements and design features should be 
reconciled with the selected hardware/programming language 


package before advancing to the next phase. 


C. DETAILED DESIGN PHASE 

The primary objective of this phase is to convert the 
initial concepts and design features developed in the 
previous phase into a detailed set of plans from which 
appropriate algorithms can be Ese This phase combines 
the use of a bottom up approach to analyze each distinct 
problem type with a top down view of overall module 
composition and the development of the proper control flow 
links between the modules. Three separate task areas have 
been defined for this phase: (1) detailed task analvsis for 
distinct problem types within each group; (22) individual 
module composition and flow between modules: and (3) initial 
draft of user s manual, The completion of these tasks will 
also provide excellent documentation for use іп program 
testing and maintenance. This phase is directed primarily 


at the development of medium to large scale applications of 
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the drill and practice strategy. In these cases, it is not 
practical to design a large number Of algorithms dire sS 
from the initial concepts and a list of desired design 
features. In smaller scale or relatively simplistic 
applications, it may be possible to skip this phas- 542 
proceed to the Frogram Development phase. 
1. Detailed Task Analysis 

A detailed task analysis designed to document the 
solution process involved in working through a problem is 
conducted far each problem type within each group. This 
analysis should reveal all of the intermediate steps and 
various solution paths for each problem type. The results 
of this analysis will form the basis for the algorithmic 
solutions to be developed in the next phase. In order toa 
adequately support the development of these algorithmic 
solutions, the analysis must provide a complete definition 
of the primary and secondary logical solution paths, a 
detailed map of all user input requirements and their 
sequence, En a draft of the appropriate HELF display for 
each problem type. 


In most problems or processes, there are a number of 


р 


valid methods available to reach а solution. Each of these 
methods needs to be explored and expanded into a step-by- 
step procedure which represents a distinct path. After all 
feasible paths have been defined (assuming a finite number 
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Q+ feasible paths are available), опе or two should be 


Eusrgneted as pr SEU paths" with the remaining paths 
termed "secondary paths". It is the primary paths which, as 
a minimum, will be developed into algorithms tot 
implementation within the CAI program. The number of 
secondary paths which are eventually incorporated into the 
program will vary with the complexity required for their 
 Істепсастар and the stated objectives of the concerned 
application program. The value of having a complete set of 
paths defined is that it precludes the possibility of 
overlooking a potential primary path and it provides the 
documentation to support a rapid expansion in the number of 
available solution paths should the need arise. 

Associated with each of the above solution paths are 
a series of user inputs. These inputs include such thinds 
as problem parameters, raw data, and responses to program 
generated questions. In ` some cases, a precise ordering ot 
such inputs is required to support the sequential nature of 
the EIE. procedures outlined in the solution paths. 
a E iie map of the user input requirements associated 
with each path should be developed, along with any required 
sequencing information. The map of user inputs defined tor 
the primary path should be expanded upon ta include 
convenient points where the CAI program could reinforce the 
learning process through appropriate interaction with the 


User, This map will be used extensively in developing the 


Зе а. which affect the interface between the CAT 
program and the student. 

In conjunction with individual problem analysis and 
the mapping of the input process, a draft of the cantents of 
any potential HELF displays for each problem type should be 
developed, HELF displays should be generic to the problem 
type (not path dependent?) if possible; otherwise, the 
incorporation of additional paths or minor changes in the 
selected paths will also necessitate changes in the HELF 
displays. The level of detail of these generic HELF 
displays will be dictated by the decisions made during the 
Initial Design phase. Some CAI systems are designed with 
little on-line HELF and instead rely on extensive verbal 
prompts and menus. In such cases, the time saved during the 
completion of simple (or no) HELF displays will typically be 
consumed in designing the menus and prompts. 
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2. Module Composition and Inter-modular Flow 

The various solution paths for all problem types 
within each group should be studied to determine which paths 
can be combined into a single module. In some cases, a 
group of problems may be suited far decomposition into one 
Qr two modules. In most cases, however, in order tQ 
maintain an adequate degree of module cohesion, a number of 
separate modules are required. (Gince the problems were 
previously grouped into logically similar types, ait is 


unlikely that a single module will need ta contain member 


paths from two different groups.) The standard programming 
practices of minimizing intermodular coupling and maximizing 
module cohesion. apply. When viewed outside the context of 
this development model, the process of grouping a long list 
Of procedures or paths into separate modules can be an 
Overwhelming task. The provided model eases this process by 
distributing many of the tasks normally associated with 
module development aver two phases, starting with the 
definition of lagical categories in the Initial Design phase 
and ending with a set of distinct modules in the Detailed 
Design phase. 

After the composition of the various modules has 
Deen developed, a top down approach is used to determine the 
proper ordering of the modules and to provide the mechanism 
which will control the flow between modules. The results ot 
this approach should provide the basis for the development 
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of an algorithm which can execute a series ar phys 


modules in аз logical fashion easily followed by the user. 


Adjustments to module composition may be necessary to 
accommodate the proper logical sequencing of program flaw. 


As part af this process, a common method to handle certain 
Classes of errors should be developed. In а CAI, T es 
assumed that students all make logical errors in responding 
to system generated queries. Each individual module should 
have internal mechanisms to handle logical errors. (This 


at 


Ui 


minimizes delay in providing feedback.) Qther classe 


errors, such as же flow and interface errors, are 
handled more efficiently with a common error routine. 

S. .Initial Draft of User's Manual 

The development of an initial draft of a hardcopy 
user's manual should be conducted in parallel with the 
detailed task analysis and the decomposition of the problem 
groups into modules. Drafting a rough of à user's manual at 
this early stage enables documentation of user procedures ta 
correspond more closely to actual program operation ٠. 
ТЕН; The final version of the user's manual will typically 
be evolutionary іп development and this model allows for 
ample flexibility in adjusting the content and format of the 
manual in later phases. A wide variety of types of users’ 
manuals are possible and the detail required for а 
Particular application will be directly related ta the 
method of user interface and level of guidance specified 


during the Initial Design phase. 


D. PROGRAM DEVELOPMENT PHASE 
This phase is primarily concerned with the development 


af detailed algorithms to implement the various problem 


eolutations, HELP displays, control features and errar 
handling mechanisms defined in the previous sectian. The 
design of individual screen and menu displays іш also 
accomplished during this phase. The output from this phase 


should easily accommodate conversion into executable cade in 


ra 
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the language selected during the Initial Design phase. This 
phase includes four specific task areas: (1) develop 
algorithmic solutions ta each specific problem type; Cz) 
develop algorithms to validate and process user inputs (2) 
design individual screen and menu displays; and id» review 
and revise user's manual. The development of the varians 
algorithms should be easily accomplished through use of the 
"solution paths" and the map of user input requirements 


which were completed as part of the previous phase. The 
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most important and in most cases the most time consuming 
task to be completed during this phase is the design of the 
individual screen and menu displays. A number of issues 
dealing with basic screen design must be considered in order 
to obtain an optimum style which effectively integrates the 
display capabilities of the chosen system with the goals and 


objectives af the CAI program. 


1. Development of Algorithmic 





As mentioned above, the tools created during the 


previous phase should be used as blueprints in the 
development of algorithmic solutions to each specific 
problem tyne. Tt is important to remember, however, that 
the "solution paths" developed іп the previous phase 
represent logical routes, and are nat necessarily the mast 


efficient method to obtain a computer derived solution. 
These paths can, however, be used as a starting point in the 


development of computer efficient algorithmic solutions. 


Whatever the form of the final version of the developed 
algorithms, all interaction with the user should confor mekas 
the steps detailed in the "logical solution paths", and the 
internal mechanics used to derive the computer solution 
should be transparent. 

A modular approach should be taken in the 
development of the algorithms. The definition of module 
composition and functions has already been delineated in the 
previous phase. The algorithms which will be involved in 
implementing the required functions ot а single module 
should be developed together as a unit. This practice helps 
eliminate execution conflicts within a module. 

2. Validation and Processing User Input 
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A series of algorithms to validate and process user 
input should be developed based on the map of user input 


requirements developed during the Detailed Desian phase. 


Other factors which should drive the design of these 


algorithms include the desired level af user guidance and 


teedback which were selected as part of the Initial Desi qn 


phase. Each student input needs to be validated before it 
LS passed to a module жоғ use in calculations ΩΓ 
comparisons. Frovision must be made to provide feedback to 


the user based an the results of this validation process. 
In addition, feedback mechanisms must be developed which 
wili respond ta valid but incorrect user inputs. πως 


example, if a student is asked to calculate and input the 
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Standard deviation of a data set, the CAI program should be 
capable of responding to invalid inputs (e.g., a negative 
standard deviation), as well as valid but incorrect values. 
In this situation, the feedback provided when a negative 
value is input would typically advise the student that ЕЕЕ 
standard deviation cannot be less than zero and request 
another input. After the student provides a valid input, 
the program should check the solution for accuracy and 
advise the student accordingly. If the student's solution 
15 correct, a brief statement complementing the student on 
his or her statistical skills may be appropriate. If an 
incorrect answer 15 input, the program should, at a minimum, 
alert the student to the error and perhaps provide another 
opportunity to input the correct solution. The range angi 
the depth of this feedback will depend on the application 


and on the selected level of feedback. 





5. Screen and Menu Display Desian 
πιο tO the actual start of design work, a 


significant amount of effort should ba devoted tao analyzing 
the various screen design issues discussed in the previous 
section of this thesis. The results of this analysis should 
he used to develop an overall screen design style. This 
style can include a variety of combinations to accommodate 
various display requirements within the program, but the use 


af a particular screen design should be consistent within 


نا 


Similar applications. This consistency better enables 
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user to gain proficiency in executing the program. The 
design of screen and, particularly, menu displays will be 
heavily influenced by the choice of user interface method 
and the display device. A distinctly different menu display 


is necessary, for example, το optimize the use of a mouse 


місе а keyboard as an interface device. Likewise, if the. 


potential display device operates іп 44 column format, the 
various screen and menu displays should be tailored to this 
format. To improve the portability and to lengthen the 
viable lifespan of the finished product, the displays shouid 
be designed so that they can easily accommodate, and take 
advantage of, anticinated future hardware upgrades. 

One of the real challenges associated with this task 
is to decide exactly what type of screen design style should 
be used im educational interaction with the ciO TE 
Methods commonly used in a drill and practice type Cal 
include the ever popular multiple choice selections and the 
use of a series of well defined questions in a stepwise 
fashion. Choosing the optimal method is based on e number 
Qf diverse factors ranging from learning theory to hardvare 
restrictions, and is beyond the scope of this thesis. 

4. Revise User's Manuals 

Typically, during the algorithmic and screen design 
process, a number of miner modifications to the projected 
structure of the program will occur. Any of these changes 


+ 


which affect the user's view of the program should be 
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reflected in the user's manual. This task is usually easy 
to accomplish in conjunction with the other tasks in this 
phase, but if overlooked can render large sections of the 
user's manual obsolete. It is not uncommon to attempt to 
delay making revisions to the user's manual until after the 
total software package is complete. This approach can 
result in a considerable time lag between the incorporation 
of changes in the software package and the revision of the 
user's manual to reflect these changes. This time lag 
increases the chances that pertinent revisions to the user's 


manual willl be given short shrift or completely overlooked. 


E. CODE AND TEST PHASE 

This phase concentrates on the development and testing 
Of executable program code derived from the algorithms and 
display designs written in the previous phase. This phase 
steps through the coding of the individual modules, the 
cerresponding testing of these modules, program module 
integratian, and final testing of the program as a complete 
system. The programming lanquage to be used in implementing 
the code was selected earlier during the Initial Design 
phase. Obviously, the details of the coding of the 
algorithms will differ depending upon the characteristics of 
the programming language. In general, however, this model 
recommends the adoption of a bottom up strategy іп the 


coding of the program in order to facilitate the separate 
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testing of each module before it is integrated with the main 
program CRef. 721]. In the development of any large software 
product, "bugs" are inevitable and will continue to crop up 
throughout the lifecycle of the product LRef. 741. In a CAI 
application where the user population will mainly consist of 
students, it is particularly important to try and eliminate 
as many problems as possible through testing. For ται 
reason, special emphasis is placed on various methods of 
testing the coded program. 
τ. Individual Module Code Generation 

Conversion of the areviously derived algorithms into 
executable cade should be done on a module to module basis 
in a bottom up fashion. In the selection of variables and 
parameters, special emphasis should be made to ensure that 
there are no conflicts within a module. Maximum use of 
local variables is recommended ta minimize unexpected and 
hard to trace errors elsewhere in the program CRef. 7S]. ү. 
the selected language does not support local variables 
ienga; BASIC), then an added measure of caution is needed to 
ensure na conflicts arise. The use of a high level of 
feedback or providing extensive user guidance in a CAI 
program usually results in the generation of a good deal of 
textual material. Spelling errors оғ other grass 
grammatical errors in this text can tarnish the reputation 
of the best CAI programs. By nature, CAI programs interact 


extensively with the user. Ta implement this interaction, 


the programmer must be aware of the various  input/output 
capabilities supported by the selected language. 

Informal checking and testing of various components 
of a module should be done concurrently with module 
development. After completion of the module, it should be 
subjected to more thorough formalized testing procedures. 

2. Module Testing 

When using the bottom up strategy tor coding a 
program, a dummy driver will be required to etfectively test 
a module. This dummy driver should be simple in design and 
limited to the input/output requirements of the module to be 
tested. After this dummy driver has been constructed, the 
formal testing process can continue, This model recommends 
the use af both whitebo: and blackbox testing techniques. A 
brief description of each technique follows. For a more 
detailed treatment of these and other testing techniques, 
the reader is referred to (Ref. 761. 

—--Whiteboxs Testing. Whitebox testing (aleo 
known as logical or internal testing) 15 based оп the 
internal construction of the module. Various logical paths 
in the module are tested by providing tailored input values. 
It ie generally not possible to test every available path in 
a module. à well designed test, however, will exercise the 
Primary paths through the module. 

—-Hlackbox Testing. Blackbox testing (also 


known as input/output testing or data driven testing) 15 


based on testing the various software interfaces within the 
module. Test data is generated for input and the 
corresponding output is inspected for accuracy. 

After modification of a module in response ta 
discovered aprons is complete, the new version should be 
retested to ensure that the "Fixes" cid not introduce απ 
errors, When a complete battery of tests has been completed 
revealing no additional errors, coding of the next module 
can begin. This process continues in an iterative fashion 
until all of the individual modules have bean coded and 
Successfully tested. 


το 


53. Frogqram Module Integration and Testing 
This task involves integrating all of the individual 
modules into a complete system. The coding of A driver 
routine and any ancillary routines must be accomplished 
betore the program can function as a system. The guidelines 
developed in the previous two phases which pertain to 
program flow should be used to code the driver routine. 
Actual testing of the complete system can begin when this 
coding process has been completed. Testing of the system as 
a whole is conducted using basically the same techniques 
used in module testing. 
When an error is detected during system testing, the 
first place ta check in searching for the problem is the 
driver routine. It the driver routine is net to blame, then 


the problem is most likely caused by interface procedures 
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between modules. Although the procedures E bottom up 
module/system testing will isolate most problems to one of 
the areas specified above, іп reality the problem could be 
located at any point in the program. This is one reason why 
"debugging" is often referred to as an art rather than a 


science. 


ES IMPLEMENTATION AND COURSE INTEGRATION PHASE 

This final phase deals with the implementation of the 
completed CAI program and its integration into a course of 
instruction. Ar eatr maea Tsetse hon in the literature 
is devoted to a seemingly endless list of general Cal 
implementation and integration issues. This model, however, 
is focused only on the development of a drill and practice 
type CAI which performs а relatively well defined function 
within a given course. Since the overall purpose of a drill 
and practice CAI package has been "predefined", the 
remaining issues associated with its implementation are 
relatively straightforward. Many of these issues should 
have already been addressed during the Feasibility Analysis 
phase when the goals and objectives for the program were 
defined. Furthermore, methods far approaching other ad hac 
issues which may arise during this phase can usually he 
readily determined through examination of these goals and 
objectives. The number and kind of tasks which сап бе 


encountered when executing this phase will depend оп the 


particular application, anda coma a ss enumeration of these 
tasks is beyond the scope of this model. Three basic tasks 
which are common .to most applications тегіс а brief 
discussion: (1) determine method of student access; ο. 
validate user‘s manuals and (3) revise program package based 
on user feedback. 
1. Method of Student Access 

Now that the CAI program package has been prepared 
and is ready to be implemented, a method of allowing 
Students adequate access to the package and the associated 
computer hardware is needed. This access scheme will vary 
depending upon the type of computer system involved. NN 
medium to large size computer systems, the primary issues 
revolve around the number of available terminal hours. in 
order to be effective, a drill and practice CAI must be used 


on a regular basis. Depending on the current level of usage 


Qf the computer system, providing adequate access to 
terminals at reasonable hours may be a problem. On 
microcomputer —-based Systems, the availability et 


microcomputers can cause similar problems. The increasing 
proliferation of personal microcomputers, however , 1 5 
contributing to the elimination of this problem. Individual 


student use of personal computers raises the issue of how 


r+ 
EJ 
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CAI package can be distributed to each student. Cammon 
methods include providing each student individual disk or 


tape copies of the program, and downloading the program from 
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a larger central computer via modem links. Each method has 
distinct advantages and disadvantages. 

2.  Malidate User's Manual 

Pieler “Eo actual student use of the developed 

package, the user's manual should be validated for accuracy 
and applicability. This process is best performed through 
actual interaction with the CAI package under conditions 
similar to those that the students can expect to encounter. 
After the manual has been properly validated, it can be 
turned over for student use. Further modification of the 
manual based on the xperiences of the first group of 
student users is likely to be required. 

5. Revision of Program Package 

When the CAI package is initially implemented, a 
series of ‘hopetully) minor problems, which were overlooked 
during product E are likely to manifest themselves. 
In order to correct these problems, a well defined set of 
procedures for obtaining and acting upon user feedback must 
be developed. In addition to poiintinq out problems, 
students often can contribute excellent ideas for enhancing 
the CAT package. Typical methods of facilitating this 
communication between the students and the Cal designer 
include face-to-face discussions and survey/questionnaire 


forms. 


VI. DESCRIPTION OF THE DEVELOPED CAI PACKAGE 


This section will be devoted to providing a description 
of the drill and practice type LAI which was devel o as 
part of this thesis. This package, which was designed to 
assist in the instruction of a graduate level introductory 
statistics course, WAS specifically tailored fer 
implementation оп the Radio Shack Model 100 portable 
microcamputer. (à description for the RS Model 1400 can be 
found in Appendix C.» The use of a truly portable 
microcomputer offers significant advantages in availability 
and cast which are not possible with larger systems. 
Greater quantities of these highly capable devices can be 
purchased, thereby permitting individual issue to each 
student "CC The portability of the RS Model 100 allows ٢ 
the completed software package to be used in almost апу 
environment, at times most convenient to the د‎ 

A complete set of program listings and the associated 
user's guide are provided in the annexes of this thesis. 
The user s guide provides, among other things, example runs 
Of each type of statistical procedure addressed by the 
package. Perusal af these example runs is a goad way to 
become familiar with the various screen displays and 


functions available within the package. 
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A. OBJECTIVES 

The primary objective of the developed package is ta 
provide a tool which will enable students enrolled in an 
introductory statistics course to make more effective use of 
time spent working on homework and example problems. In 
addition, it is hoped that this package will demonstrate 
some of the unique capabilities offered by portable 


microcomputers in the area of computer assisted instruction. 


БОО SCOPE 

This package consists of a series of eight modules which 
provide assistance in the areas of descriptive and 
inferential statistics, the application of various 
distributions and random number generation, and simple and 
multiple regression. A complete listing at the contents ort 
the eight program modules is provided below. 


Module i 
Fermutations 
Combinations 
Hayes' Theorem 


ү 


Module 2 
Finite Fopulations 
Exponential 
Normal 
Uniform 


---- 


Module = (Applications of Various Distributions) 








BHinomial Distributions 
Geometric Distributions 
Foisson Distributions 
Exponential Distributions 


o 


Module 4 


Central Limit Theorem 
Applications of the Normal Distribution 


Module Ὁ 


Maximum Error of an Estimate 
Determination of a Minimum Sample Size to 
Achieve a Given Level af Error 
Confidence [Interval About the Mean 
Hypothesis Testing of the Mean 
Module 4 


Confidence Interval About the Standard Deviation 
Hypothesis Testing of the Standard Deviation 


Module 7 (Linear Reqression and Analysis). 
Hypothesis Testing of Alpha and Heta 
Confidence Interval for Alpha or Heta 
Confidence Interval for the Mean of Y at X Naught 
Limits of Fredictions 
Estimates of Y When Given Х 
Module Ὁ (Multiple Regression) 
Significance Testing for R 
Coefficient of Determination 
Estimates of Y When Given Xi, x“ 
C. DESIGN METHODOLOGY AND CONSIDERATIONS 
The framework for the overall design of the package was 
provided by an earlier version of the lifecvcle development 
model outlined in the previous section. The package is 


currently in the early stages of the Implementation and 


Bourse Integration ΕΠΑΣ. At this point, approximately бЭ(й 


η 


man-hours, spread over а six month period, have been 


invested in its development. The distribution of 


1 


development time among the various phases is depicted іп 
Figure 3. 

The content and flow οἱ the individual modules of the 
program are based on the assumption that students will learn 
the various statistical techniques in the traditional 
classroom setting and the program will only be used to 
réinforce this knowledge through repetition. ‘In an effort 
ο pl imi ze the benefits derived from the use of the 
computer, the modules are designed to present logical 
solution steps to each problem which mirror the steps 
necessary ta salve the same problem by hand without the aid 
pf a computer. In addition, the student is required to 
perform some simple calculations and table 1оок-ирѕ. 811 
data To is validated, student calculations and table 
look-ups are checked Жоғ accuracy, and instant feedback is 
provided. 1 

Tha program is designed as a partially menu driven 
system and makes extensive use of detailed user prompts. 
The use of the package does not require any special 
programming or computer skills and no memorizatian of 
confusing acronyms ibeyond those commonly used in 
statistics) or special computer commands is necessary. Tha 
above features enable a student to ettectively execute any 
portion of the program without any Dl c special 
preparation. This allows the instructor to devote his ar 


her efforts totally to statistical matters and nat waste 
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Phase Man-hours ^ of Dev. Time 


Feasibility Analysis Fhase 52 aA 
Initial Design Fhase 87 127 
Detailed Design Fhase 150 52% 
Frogram Development Phase тг DUE 
Code and Test Fhase 175 2d4 
Implementation and Course 
Integration Fhase zu | A 
TOTAL (590 1007 


Figure S. Distribution of Development Time by Phase 


precious class time reviewing special computer procedures 
which contribute nothing to the understanding of the 
subject. 

The desired implementation of this package on a portable 


- 


microcomputer required the incorporation of a number of 
special design considerations. A significantly smaller 


amount of available random access memory space and limited 


options in the development of screen displays are the major 


restrictions imposed by current generation portable 
microcomputers. The version of RS Model 100 used in 
implementing this package is typical of the "low end" 


portables and has a RAM capacity of 24k and an eight line bv 
forty character liquid crystal display. To cope with the 
restrictions in memory capacity, the package was developed 


in a series af stand-alone modules. The complete package 15 
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segmented into eight modules which range in size from 9k to 
BS. Тһе various menus and screen displays меғ є 
individually tailored to the Model 100's screen. 

Initial modules were developed with a limited HELF 
facility. This feature was soon abandoned when it became 
apparent that the amount of memory and computer overhead it 
consumed could not be Justified by the severely limited 
amount of information it provided. Input error correction 
and control is provided by the internal algorithms 
throughout each module. The package was subjected to a 
series of tests to eliminate other system errors. 
Nevertheless, in a software package of this size, a 
significant number of errors may "slip through" the testing 
process. To deal with these "undetected" errors, a simple 
error trap routine which terminates processing narmally has 


been incorporated into each module. 


D. DESIGN ISSUES ENCOUNTERED 
The early selection of the RS 1 ιδ partable 
micracomputer as the implementation device etfectively 


narrowed the range of the required design decisions during 


in 


A 


ifi 


the development of the included package. Such issue 
language selection, method of user interface, and many at 
the screen design issues меге fixed by hardware 
restrictions, HASIL is the only programming language 


supported by the Model 100, and a keyboard is used with an 
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eight line by forty character liquid crystal display to 
effect user interface. The most troublesome design issue 
was determining the optimum physical layout of each program 
display within the restricted screen size of the Model 100. 
In many instances, the inability to anticipate the length of 
the user's response to queries generated by the program made 
it impossible pO a display ot fixed 51265. 
Consequently, certain screen displays may change in 
appearance depending upon the user’s input data. 

[he limited amount of memory available an the Model 140 
also led to the abandonment of an online HELP capability. 
Ta compensate far the lack on an online HELF facility, ths 
level of user guidance had to be increased. In retrospect, 
this may not have been a wise decision as it led toa 
excessively long narrative displays to explain each problem 
solution step. A better solution may be to incorporate a 
limited online HELF facility which acts to key the user to 


pertinent sections of a hardcopy user's manual. 


E. CONSIDERATIONS IN USING THE DESIGNED PACKAGE 

The developed CAI package is tailored to provide 
assistance to the student in working through a series at 
example problems within select topical areas of statistical 
analysis. The program is designed as an adjunct ta the 
traditional classroom instructor and shall only be used 


after the proper subject material has been covered by the 
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instructor. The sectioning of the program into distinct 
modules which group similar statistical concepts allows the 
instructor maximum flexibility in sequencing the course. 
While the modules are numbered one through eight, there is 
no requirement, or even any advantage, to utilizing the 
modules in this order. Due to memory space limitations on 
the FS Моае1 ` 100, the maximum number of modules which can 
simultaneously E on the computer is restricted to one 
or two. With this in mind, to allow for optimal student use 
of the program, the instructor should refrain from a 
singular assignment of a group of example problems which 
would require the use of more than two modules. 

Ideally, the course should be presented in chunks which 
roughly correspond to the modular breakdown of the program. 
This should be fairly easy to accomplish as the composition 
af each module is primarily based on a logical partitioning 
of the subject matter. Following the presentation of a new 
‘Statistical concept, the student should, at his leisure, 
load the corresponding module into the FS 1 1429 
(following the instructions in the User’s Guide in Appendix 
à), and work through all assigned examples. The structure 
of each module was carefully designed in an effort to strike 
an appropriate balance between those calculations done by 
the student and those completed by the computer. It is this 
author's opinion that the student should be required toa 


complete all simple calculations and table lookups, with 


only the most extensive and tedious calculations being 
accomplished solely by the program. Nonetheless, the use of 
the program should significantly accelereate the completion 
Of assigned homework, and the student is encouraged to use 
the additional time by working through other examples of his 
or her choice. The program can handle examples fram any 
source, providing they can be structured into a format which 
will dose the student with all the necessary input 
parameters. 

When using the program modules to work examples, the 
Student should carefully note the presented solution 
process, The program modules, almost without exception, 
present only the "primary solution path" for each prablem 
type. The student should rapidly catch on to these simple 
solution steps and be able to apply them without the aid of 
the computer. In addition, by using the problem solving 
skills learned through the use of the program as a 
foundation, the student should branch out and explore 


alternate paths on his or her awn initiative. 


F. LESSONS LEARNED 
Throughout the development of this CAT package, a series 
af minor problems and issues had to be dealt with. In the 


process of grappling with these problems, a number of 


1 


"Lessons" were learned. Several oF these lessons 


4 


are 


і 
! 


presented here to provide the potential CAI designer some 
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insight into the type of ancillary issues and problems 
likely to be encountered. 

Perhaps the most valuable lesson learned is that the 
design of each program module for a CAI system requires a 
detailed knowledge of the subject matter anda conscious 
effoct to determine how the topics within each subject are 
best taught. Attempts to design program modules based only 
on a working knowledge of each topic usually proved to be 
premature and  counterproductive. The program designer (s) 
must devote a significant amount of time to obtaining the 
required level of expertise within the topic area prior to 
module design and development. 


On 


r 


e the hardware selection has been completed during 
the Initial Design Fhase, the program designer (s) mites t. 
become cognizant of not only the limitations and basic 
capabilities of the selected device, but alsa of any special 
capabilities. For example, certain special capabilities of 
the Model 100 (e.q., reverse video) were not discovered bv 
the author until the Code and Test Fhase, too late to be 
easily integrated into the program package. 

The final point to be iade addresses the primary storage 
device used bv the designer in developing the system. 
During the development of this package, a cassette tape 
provided the only means of storing partially completed 
programs. This method proved to be awkward апа time 


consuming. If at all possible, an alternate means of 
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primary storage (such as disk) should be used in the 
development of the programming package regardless of the 


final hardware configuration which will be provided to the 


student users. 
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VII. FUTURE OF PORTABLE MICROCOMPUTER-BASED CAI 


The future development of educational programs for use 
with portable microcomputers is tied directly to advances in 
the field of general CAI design and to continuing hardware 
technological improvements. CAI design should be profoundly 


affected by developments in artificial intelligence and 


fi 


o 


cognitive psychology CRef. ΤΕ Likewise, CAT haul 


| 


τη] 


benefit as various problems associated with speec 
processing are solved L[Kef. BJ. The incorporation of any 
Р these developing technologies πες portable 
microcomputers, however, iS, in my opinion, a long wav down 
the road due to the extensive hardware support Іі envision 
being required ta support these techniques. 

Nevertheless, the capabilities of portable 
microcomputers will undoubtedly continue to expand as 
evidenced by the newer models КОЛ лс today which exhibit 
many characteristics νιν only available оп "fixed 
site" microcomputers. These new capabilities should allow 
for the execution an portable microcomputers of educatianal 
programs previously developed for use only on the larger 
Micros. Forfhable microcomputer technology is expanding so 
fast that, in the near future, with the exception of some of 
the advanced techniques mentioned in the previous paragraph, 


restrictions in hardware capabilities will not seriously 
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hamper the development of БОШОП CAI programs. The major 
drawback, as I see it, will be the cost of these advanced 
portable microcomputers. 

The purchase price of the newer portables may be reduced 
somewhat, but this reduction is likely to be insignificant 
in the near term. The benefits associated with portable 
microcomputers in education cannot be fully realized without 
individual issue of the devices. Therefore, unless the 
costs of these advance models 15 reduced substantially, most 
educational institutions probably will not be able to afford 


the necessary large scale purchases. In the interim, 


cn 


however, the use of the cheaper portables such as the R 
Model 100 сап provide a much needed new diminsion to 
educational computer usage. 

This thesis has reviewed the evolution of CAI and 
provided a working example of what I believe is the next 
logical step in CÂI development--the incorporation of the 
portable microcomputer. The Ета imposed by the 
current generation of affordable portables makes the "drill 
and practice" strategy particularly attractive. As such, a 
developmental model for the implementation of this type of 


strategy was outlined. A version of this model was used to 


develop a CAI program to aid in the instruction of 
introductory statistics. The number of applications for 
productive educational use of portable microcomputers із 
limited only by one's imagination. The development of 


quality software is the only real stumbling block, and with 


adequate motivation, this can be overcome. 
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Part 1: INTRODUCTION 


Program Objectives 


These programs were designed to facilitate the drill 
and practice of select statistical methods. The logical 
flow of the programs matches the procedures which would 
normally be used to solve each type of problem without the 
aid of the computer. Tt is assumed that fhe EET will learn 
the course material via the traditional classroom lecture. 
The value of the programs is in providing the student with a 
“boiler plate" approach tailored to salve each type of 
covered problem. The user can expand upon these basic 
techniques, learned through repetitive use of the program 
modules, an his own. The programs interactively guide the 
student through the use of prompts which request data about 
the problem and require the student to perform simple 
calculations and table look-ups. All data input is 
validated, student calculations and table  look-ups are 
checked for accuracy, and instant feedback is provided. The 
sequential flow and the warding of the prompts has been 
designed to allow the student to concentrate on mastering 
the subject matter, not the program modules. In order tao 
optimize the allocation of the student's time, complex 
calculations are carried out by the computer. This combined 
approach provides the student the time needed to explore a 


wider range of problems of the same type. Through 
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interaction with the program, the student should gain a 
first-hand understanding of the slight variations possible 
when working through a set of problems which apply 


essentially the same statistical methods and theories. 


Purpose of This Guide 


The objective of this guide is to provide the user with 
the basic information needed to load and begin execution of 
the program modules. The guide is not intended to be an 
exhaustive summary of each module, nor is any effort made to 
describe all the possible screen displays and oaths 
avallable in each module. The programs are partially menu 
driven, and make extensive use of self-explanatory prompts 
and amplifying statements where applicable. This extensive 
"internal" documentation eliminates the need for frequent 
reference to offline external" documentation. 

Fart Ii of this guide contains, or makes reference to, 
the information necessary to master the mechanics otf loading 
the program modules for execution. The last section ot this 
quide, Fart III, is devoted to examples which provide a 


taste of each of the modules operates. 


Fart II: GETTING STARTED 

The first step is to familiarize yourself with some of 
the basic features of the Radio Shack (RS) Model 100. А 
review of the manufacturer's Operator's Manual (ref 1) 
should sufficiently prepare you with all the necessary 
skills to load and begin execution of simple programs. This 
sectian of the guide will discuss two methods of loading the 
program modules into the Model 1007 s BASIC Interpreter for 
execution. The first method involves downloading the 
programs from files stored in the student's personal account 
on the Naval  Fostgraduate School” s IBM 052 mainframe 
computer. The second method makes use of a standard 
cassette to load the program directly onto the Model 100 
BASIC Interpreter, While downloading the program from the 
ІВМ mainframe is both slower and more complicated, 117 
provides more flexibility in the distri bt oT 
accessibility, and maintenance of the program modules. In 
addition, the ability to exchange files with the maintrame 


15 а valuable skill to learn and has applications іп 


i 


esisting the student in other areas of his/her education. 
The Model 100 must be properly set up апа prepared 
before any of the program modules can be loaded. The basic 


et up procedures are covered in the OQperator’s Manual (ref 


1). Nne additional requirement is that due to the length of 
some of the modules, the Model 100'5 memory should be 


cleared prior to attempting either of the loading 


procedures. This is especially critical when downloading 
the programs from the IBM mainframe. When downloading via 


the Model 10@’s internal modem, the program modules are 


saved as ASCII files. These files must then be converted 
into BASIC format before execution can begin. While the 
Model 100's RASIC Interpreter does this conversion 


automatically, it .does not dynamically erase the ASCII capy 
of the program. This results in more than doubling the 
amount of Random Access Memory required for each module (at 
least until the user manually erases the ASCII сору). 
Several of the modules are 14k bytes in length and must be 
broken down into two | parts to load into the  EBEASIC 
interpreter. 

The requirement for a "clean" memory is not as strict 
when loading from a cassette recorder. The cassette сору 
can be loaded directly into the BASIC Interpreter, thereby 
eliminating the need for additional memory space and the 
need to divide any of the modules into segments for loading. 
In addition, use of the cassettes will allow for two or 
three modules to reside in the Model 10095 memory 
simultaneously. 

Using The Model 100's Internal Modem 

In order to download any module, a copy must already 

reside in the student's virtual storage area an the ΙΗ 


ЕВЕ. (Any student who does not already have a copy of each 
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module оп his/her "A" disk should consult the course 
instructor.) The actual downloading is accomplished using 
the Model 100's TELCOM program. TELCOM is one of five 
"instant on" programs which permanently reside in the read 
only memory of the Model 10. Before using the TELCOM 
program, it is necessary to provide the Model i720 access to 
a telephone line. The actual connection is made using the 
supplied modem connect cable and is discussed in detail in 
the Operator’s Manual (ref 1, pa 76). 

After connecting the Model 100 to a telephone line, 
turn the computer on and access the TELCOM program from the 
main menu display. You are now ready to begin the procedure 


to achieve a modem link with the IEM mainframe. 


ΕΕΤΤ; Access the TELCOM program and push function 
key F2. The word "CALL" will appear on the screen. 
Type the telephone access number of the IBM mainframe 
into the display after the word "CALL" as tollows: 
65463025" > (The less than (=) апа the greater than (5) 


symbols following the number are required!) 


STEP 12: Fush the ENTER key and stand by as the computer 
automatically dials the number. When a connection is 
made, an audible beep will be heard and a message will 
appear on the screen regarding the status of the IRM 


mainframe. At this point, the user should check to 


ensure the Model 100 is set up to communicate in half- 
duplex. (This information is displayed on the bottom of 
the screen above "Position 4". Push function key F4 to 


cycle between half and full duplex as necessary.) 


STEP 5: Push the ENTER key and a period (.) will appear 


at either of the screen margins. This period is the 
"ready" prompt. (са on to the mainframe following 
normal procedures. After log on is accomplished, you 


will be using the Model 100 as just another (teletype) 
terminal hooked into the ІЕМ mainframe. Тһе anly 
significant differences from the terminals on campus are 
that you have a smaller set of CF/CMS commands available 
to use, and there is no full screen editing available. 
CNote: After initial logon, the user should proceed 
directly to CMS and make na attempt to display material 
in the "Virtual Reader" ar to view the "News". The 
execution of these or similar functions may send a 
seemingly endless stream of information to the Model 14240 
which will significantly delay the module downloading 


process. ] 


STEP 4: Make the selection of which module you would 
like to download from the provided list. Push function 
key F2. The Model 100 will then query you for the title 
of the file you wish to create to accept the module to 


be downloaded. At this point, you can input any name up 


to six characters in length. It is suggested that the 
title be identical to the file name on the mainframe 
which is to be downloaded (1.e., MOD1, MODSFi, etc.). 
Fush ENTER after you type in the title to resume 


communications with the IBM mainframe. 


SIEP 5: Enter the command TYFE followed by the file 
name and file type of the module to be downloaded. (The 
file type of all the provided modules is "SCRIFT".) 


Example: Type MOD2 Script 


The selected program module will begin to scroll down 
the screen ot the Model 1080 az it is being loaded into 


an ASCII file with the title which was selected in Step 


4, 
SIEP 6: The program has been completely entered inta 
the Model 14@@°s memory when the mainframe s "R" message 


appears on the screen and the scrolling stops. (This 
will take anywhere from three to nine minutes, depending 
on module length. Fush function key F2 again to cease 
downloading. (Modules Z, 6, and 7 have been segmented 
into two parts and each module occupies two separate 
files on the ТЕМ mainframe. To use these modules, both 
files must be downloaded to the Model 108. If you are 


attempting to download one of these segmented programs, 


i 


return to Step 4 and repeat the procedures to download 
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the second half of the program. Remember to use a 
different title for the name of the Model 100 file which 
will receive the second half of the program.. Log off 


the IEM mainframe and exit TELCOM. 


STEP 7: The Model 100's main menu should contain an 
ASCII file with the name specified in Step 4 (two files 
if it is a segmented program). Access this file and 
remove any extraneous data which may have been 
downloaded with the program module. This "garbage" is 
normally at the end of the file (although it is wise ta 
check the top of the file also) and consists of the 
IBM's "R" message and any other messages which may have 
appeared on the screen while downloading. These 
extraneous remarks must be — 25:055 to loading the 


file into the Model i@@‘s BASIC Interpreter. 


STEP 8: Access the BASIC Interpreter from the main 
menu. Load the ASCII file with the command "| OAD 
FILENAME.DO". 


Example: LOAD "MOD2. D0" 


Fush ENTER and the file will begin loading. After 
loading is complete, the screen will display the "QE" 


prompt. At this point, the user should erase the ASCII 


copy of the file to free additional memory. This is 
accomplished using the "KILL" command. 


Example: KILL "MOD2.DO" 


If the program has been segmented into two parts, load 
part one per the instructions above; "KILL" the ӘСЕ 
copy of the first file, then load the second file with 
the command "MERGE RAM: FILENAME. DO". 
Example: LOAD "MOD3P1.D0" 
KILL "MOD3P1. DO" 


MERGE "RAM:MOD3P2. D0" 


The program is now ready to be run. (If an error accurs 
during loading into the BASIC Interpreter, it is 
probably due to extraneous garbage which should have 
been removed in Step 7. Return to the main menu and 


repeat Steps 7 and 8. 


——— — — سپ وسمب‎ —-n mm  — موو‎ 


Loading the program modules using a cassette recorder 
is much simpler and faster than using the modem. It πι 
have access to a recorder, obtain a copy of the master tape 
which contains all eight program modules from the 
instructor. When using the cassette recorder to load, it is 
possible to load and save more than one module on the Model 


14M at a time. This is due to the greatly reduced memory 
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requirements for loading by reading the modules directly 


into the BASIC Interpreter from tape. 


STEP 1: Using the instructions contained in the 
Operator ‘ss Manual (ref 1, pg 189), attach the cassette 


recorder to the Model i100. 


STEP 2: Access the BASIC Interpreter from the main 
nent. Advance the cassette tape to the approximate 
starting position of the module to be loaded. Load the 
module directly into the BASIC Interpreter with the 
command CLOAD"FILENAME"., | 


Example: CLOAD"MOD2" 


Depress the FLAY button οπ the cassette recorder and the 
computer will search for the proper module file. When 
the file has been located, the screen will display the 
response FOUND"FILENAME". 


Example:  FOUND"MOD2" 


The designated program will then be loaded into the 
BASIC Interpreter. When the cassette player ceases and the 
"JE" prompt appears on the screen, the program is ready to 
De run, 

The actual loading time with this method ranges between 
опе and two and one-half minutes, depending upon which 
module 15 being loaded. This is a great deal faster than 


the three to nine minutes required when downloading using 


the modem, and there іс по additional time 


conversion from ASCII format to BASIC. 


lost 


PART III: EXAMPLE PROGRAM RUNS 

This section provides а printout of select screen 
displays used in.solving an example problem from each of the 
topic areas covered by the program modules. All of the 
examples were chosen from Freund and .Williams, Elementary 
Business Statistics: The Modern Approach: ILM ο το. 
unless otherwise noted. An understanding of certain key 
characteristics of the screen displays is necessary to 
effectively use these example listings. 

L. Each screen has been tailored to fit the 46 

character by 8 line display capability of the Model 

100. 

ο User input is displayed in italics in the listings 

following the question mark (9) prompt. 


-p 


5. The user should be aware that only a portion of th 


` 
پس 


n 


{ 


innumerable screen displays encompassed by any опе 


program module are listed. In fact, some of the more 


et 
D 
ct 
xp 
p 


interesting screen displays which are pertinent 
example problems are not listed for various reasons 
(such as scrolling of data and temporary operator 


neerted 


j. 


feedback messages). Comments have been 
between the listings to alert the user to the absence 
of a particular screen display in the listings. 

4. The final answer obtained through use of the 


program modules may differ fram the results cited in 


2m ET 
اه‎ 


Freund and ο... This 15 generally due ta the 
increased accuracy of the computer. 

5. . in some instances, four zeros (0O00? are input in 
response ta a query to induce an intentional error in 
order to demonstrate the error checking facilities of 
the program modules. 

5. Due to the variable length af certain key user 
input values, a few screen displays тәу experience 
"word chop" or the random division of complete words at 


the edge of the 4@ character screen display. 


ΤΙ 


Format of the Example Frogqram Runs 

A printout of the screen displays follows the statement 
ot select example problems. Each topic area within a module 
15 sequentially exercised and listed. In some cases, it may 
appear that the same ccc display has been printed twice. 
à closer examination will reveal additional data in the 
latter screen. This apparent duplication is manitest only 
in the listings and represents an attempt to convey D 


hardcopy the stepwise sequential queries used to interact 


iti 


т 
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with the user. Finally, the user should be aware that th 


listings are provided only to give a taste of each module. 


-h 


The only effective way to gain a full appreciation af each 
module is through actual use. In many ways, it is much 


easier to jump right in and use the modules than to try and 





"understand" the listings. Remember, mastery of the subject 


material, not the programs, 15 the ultimate objective. 





{оу 


EXAMPLE PROGRAM RUN INDEX 


Module 1 


Permutations. «saa. 2222222 EM T EM لدد‎ oo. Lee 
Combinations, s seapea anaa a a a e a RISE RENNES EE EE 
Bayes’ ThEOreMe ea uina aean an a yana ου لل ال‎ 
Module 2 (Generation of Random Samples)? 
Finite ٧۳600۱131711 5 د‎ M νο πα ο. 45422222 е О 
ekxponeaential = a e e Terre eee e ce! 
Morcmel.:.. . S m. Q n SS SS SS ο. UE E 
ΠΠ Ρώσο TS 
Module | (Applications of Various Distributions 
Binomial Distributions: -na TE 
Geometric ПівігіБиЕіопв........................1.41 
Pol sson Distributiones:s.s»32329 993499959 05107. - "AERE 
ΟΕΕ: Блек рык опе ΓΗ Р а 
Module 4 
Central Limit Theorems s a am MET 


Applications of the Normal Distribütton.... 0 


Module 3 


Maximum Error of an EStimates., دوه د د .هه د د د د په ده‎ ТОУ 


Determination of Minimum Sample Size to 
Achieve a Given Level OE ETO لدد دد‎ 2168 


Confidence Interval About the HFBeanñi,.,...... sasa. DU 


Hypothesis Testing от the Меап 25222222222 2477 
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mecdule 6 


Confidence Interval About the Standard 
Deviation.... π m нн п а یئ‎ в а а uU Ὁ в в в пп E в а а а пя в а 8 8 8 8 8 8 M п 


Hypothesis Testing of the Standard Deviation... 
Module 7 (Linear Regression and Analysis) 

Hypothesis Testing of Alpha and Heta........... 

` Confidence Interval for Alpha or Нета..»........ 


Confidence Interval for the Mean of Y 


EE αντ داد د دو ده مه وم مس‎ ο ο ο ο ο. τ 
ЕВО БИЕГЕ РОМЕ sv» xa nm mon хз UOTE TI RO E ME 
ιππασίας Of Y When Given ملغ د یه ده‎ 355 ** s د‎ 





Module 8 (Multiple Regqrceszsion) 


Multiple Regression. .s.anananan ο ο ο ο ο ο το ος 
ЕЕ еее Testing POI Mie ats ale an ns. СЕ а аен : 
Eel ea ου NOt Επι στι κ. ао аан : 
ЕЕ ШЕШЕ Yen ΜΕ αι Χο κα w w s w w w US w aa 


| 
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MODULE 1 


EXAMPLES AND SCREEN DISPLAYS 


1:0 


PERMUTATIONS EXAMPLE: Find the number of ways іп which 
three of ten real estate salespersons can be ranked first, 
second, and third according to market knowledgeability. 


SOLUTION: For n-10 and r=3 the program yields thet 2, pg 
108) 


1-FERMUTAT IONS 
Z2-COMEINATIONS 
S- BAYES THEOREM 
4-EXIT 


SELELTION? I 


AX 6 a xxx DP ERMUTATIONSssdqd*xxxXxx333x3x 
THIS FROGRAM CALCULATES THE NUMBER OF 
ΙΡ ΤΕΣ ШЕСТЕГТЕ SELECTED FROM 
A SET OF m DISTINCT OBJECTS. 


INPUT nv? I9 


KERR € جد د د د‎ 3 X P'ERMUTATIONS« 3d ыы 


THIS FROGRAM CALCULATES THE NUMBER. OF 
Zot Nor i HEC io SELECTED FRON 
K o iF ΕΕ οι ασ TS. 


INPUT n? 29 
INFUT r? 3 





1.51 


USE THE FOLLOWING FORMULA TO CALCULATE 
THE ANSWER. (FORMULA 1) 

пРк=п!!/ (пг != eee ay 

THE CALCULATION CAN BE SIMPLIFIED ТО: 
J жЕ? ا‎ 

PUSH ENTER FOR A COMFUTER SOLUTION!? 


THE NUMBER OF PERMUTATIONS OF 3 OBJECTS 
SELECTED FROM ñ SET OF 10 DISTINCT 
QORJECTS IS = 720 


SELECT: I-MENU; 2-MORE PERMUTATIONS; 
Soe ALA or 
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COMBINATIONS EXAMPLE: In how many ways can a dean choose 2 
of 50 faculty members to review a student grade appeal? 


SOLUTION: For n-95U0 and r-2, the first program yields (Ref 
2, pg 118) 


1-FERMUTAT IONS 
=~COMBINAT IONS 
EAVES THEDREM 
4-ЕХІТ 


SELECTION? 2 





xd X 36463 e x x X€O06D0MBEBINATIONSq«sxx-xR-YX*X 





THIS PROGRAM CALCULATES THE NUMBER OF 
WAYS IN WHICH r OBJECTS CAN BE SELECTED 
EON HSE TEHT OD DISTINCT OBJECTS. 


INFUT п? 50 
NEUT е? 2 


USE THE FOLLOWING FORMULA TO CALCULATE 
THE ANSWER (FORMULA 2) ӨР OBTAIN THE 
ANSWER DIRECTLY FROM TABLE IX. 

ANSWER = MIT (nT! - 0l κο οκ да !) 


THE ED Je 1 CAN BE SIMPLIFIED TO: 
5} 
12 کت کش لتا‎ 8 CONEUTER SOLUTION! 


THE NUMBER QF WAYS IN WHICH 2 OBJECTS 
CAN BE SELECTED FROM A SET OF 5 
ΠΕΙ οσο IS = I 


ors I MENUS 2 MORE CUNBINATIONSs 
Π.Ο 





BAYES’ THEOREM EXAMPLE: The probability that а one-car 
accident is due to faulty brakes is 0.04, the probability 
that a one-car accident is correctly attributed to faulty 
brakes is 30.92, and the probability that a one-car accident 
is incorrectly attributed to faulty brakes is 0.025. What is 
the probability that a one-car accident attributed to faulty 
brakes was actually due to faulty brakes? (Ref 2, pg 241) 


1-FERMUTAT TIONS 
2-OO0MBINATIONS 
S-CBAYES' THEOREM 
4-ЕХІТ 


SELECTION? 3 


ΣΣ ΣΣ ΣΣ ΣΣ ΣΑΣ THEOREM 23338 3383383833 


METHOD: FORMAT THE GIVEN DATA INTO A 
BAYES’ TABLE, THEN CALCULATE THE 


FOSTERIOR PROBABILITIES USING 
FORMULA `. 


ISH ENTER TOU ος 


SIEF 1. DETERMINE THE OPP p Or pr j jis p 
ΕΝ ΠΠ 


INFUT NUMBER OF EVENTS (E07? 2 
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Slee een SOE DP He EETES TABLE: FIRST 
DETERMINE THE CAUSE FROBARILITIES THEN 
DETERMINE THE CONDITIONAL FRIOR 
PROBABILITIES. (These probabilities are 
usually given in the problem or are 
easily calculated. 


FUSH ENTER TO CONTINUE’? 


EVENT CAUSE PROB: PRIOR PROBS BAYES ЕКОЕ 
ET 
B 


INFUT F(E 1 › ? „04 


CAUSE FROE: FRIOR PROB: BAYES FELE 
РЕ) = „@4 


EVENT CAUSE PIEORS PRIOR FROR: BAYES FROH 
F o= .@4 РАВ) = .82 


ЧА КҮН ы у 5 





EVENT CAUSE FROB: PRIOR PROB: BAYES ٢ 
B1 P(B)= .04 P(A/B)= .82 
B 2 το ο τς 


INFUT PCA/E а 27 .63 


EVENT CAUSE ЕКОЕ ٧٣٢٣٣٣۳٣٢٣ PROB: EAVES ٢٢ 
B1 F(E)= .04 F(6/E)- .82 
ВЕ 2 Р(Бә- ,96 FPCA/B)= . 05 


ӨЛЕР 5. PUSH ENTER POR Se Ves ЖЕК ЕЛ 


EVENT CAUSE FROR: FRIOR РЕКОВ: BAYES PROB 
Н1 Р(Н)- .04 FCA/B)= 82 PCB/AI= «9529 
B 2 P(B)= .96 PCA/B)= .Us ΡΙΈΤΕΙ͂Ξ .47 


F'(ñ)= .0616 
Eque 1-МЕМИЗ 2-МӨКЕ БЕҮБЕЕ τε لا‎ 





MODULE 2 


EXAMPLES AND SCREEN DISPLAYS 


FINITE POPULATIONS EXAMPLE: Simulate with random numbers 
the number of heads expected іп 20 tosses of three fair 


(Ref 2, po 295) 


MENU 
L-RANDOM SAMPLESEINITE Fer. 
2-RANDOM SAMPLE-EXPONENTIAL 
5-КАМрОМ SAMPLE-NORMAL 
4-RANDOM SAMPLE-UNIFORNM 
πως {ΙΙ 


KHEKEERANDOM SAMPLE (Finite Fop.) HEHEHE 


THIS FROGRAM IS DESIGNED ТО ٣٢٢٢ ٢ με. 
SUMMARY STATISTICS FROM A RANDOM SAMPLE. 
THE RANDOM SAMPLE IS BASED ON 
۳٣٣2681) 1 Бә ТИР БИЕ eta 


USH ENTER TO CONTINUE 








METHOD: A TABLE CONTAINING THE ‘’FOSSIBLE 
OUTCOMES 2 ”РЕПЕВЕТРЕ ТОТ ВЕЕ ЕЕС ЕЕ а; 
AND THE RANGE OF ‘RANDOM LABELS’ IS 
FRODUCED BY THE USER (with computer aid? 
THE COMPUTER THEN GENERATES THE RANDOM 
NUMBERS AND SELECTS THE 2٩071 ο ΠΕ ΗΕ 
FOR EACH EVENT BASED ON THE VALUES IN 

НЕ ТАБ nr ην NR 8 









К 





NOTE: ONLY INDIVIDUAL FROBABILITIES ARE 
NEEDED AS THE COMFUTER ΕΕ stale 
CUMULATIVE PROBAHTIOL Pes. 


TO BEGIN TABLE GENERATION FUSH ENTER? 
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HOW MANY OUTCOMES (for exp: there are 4 
possible outcomes in the example on page 
95074 


OUTCOME RANDOM LEL. 


T 


OUTCOME RANDOM LEL. 
1.20 


OUTCOME RANDOM LEL. 
E : D 2 - 124 


TU m ; 
at "ol 4 





OUTCOME FROR. RANDOM ІНІ. 
> Ø 1:55 0 - 1:4 
1 es Fe 1200 49° 
2 ν᾿ 300 - 874 
3 ΕΠΙ Ελα πι στ 
TABLE INPUT ο D oE Е ЕВЕ 
HOW MANY RANDOM NUMBERS DO YOU NEED? 


РКОЕВ. RANDOM LBL. 
129 0 - 124 
2379 2 ΙΙ; 
575 00 – 874 
5: Ei C 
LS. COME ٢ ٢ 
HOW MANY RANDOM NUMBERS DQ YOU NEED? 29 


OUTCOME ЕЕЕ RANDOM LBL. 
си M ο --ι- 
1 nn : ا‎ 5 
: 44/3 00 - 874 
ΑΠ Е Өтсе асын 
DATA TABELE INFUT 05 ЕӘМЕБЕШЕ 


HOW MANY RANDOM NUMBERS DO YOU NEED? 20 
SEEDS 2006 





At this point, the program generates 2@ random numbers which 
are scrolled down the screen along with the calculated 
corresponding outcome. 


CORRESPONDING OUTCOME 
1 
2 (2 s 5 = 


SUMMARY STATISTICS FOR THIS SAMPLE: 


SAMPLE MEAN= 1.4 

STD. DEV. (S)= 4733737 

SELECT: 1-MENU: 2-MORE ΩΙ ΡΟ ΞΕ. 
κ οτι 
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EXPONENTIAL EXAMPLE: Generate 20 exponentially distributed 
random numbers with a mean of 88. Use а seed of 75. 
Calculate the mean and standard deviation of the random 
sample. 


MENU 
1-RANDOM SAMFLE-FINITE FOF. 
Z—RANDOM SAMFLE-EXFONENTIGAL 
=—-RANDOM SAMPLE-NORMAL 
4-RANDOM SAMFLE-UNIFORM 
a 


SELECTION: 


езе xRANDOM SAMPLE — EXFONENTIAL 3*3 *3x* 


THIS FROGRAM IS DESIGNED TO GENERATE A 
ΕΞ ЕХБОМЕМТТЕЕЕТҮ DISTREBUTED 
RANDOM NUMBERS AND COMPUTES THE 
ASSOCIATED SUMMARY STATISTICS! 


INFUT MU (mean) 7? 


INFUT MU (mean)? 8g 
HOW MANY RANDOM NUMBERS DO YOU NEED? 20 
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INPUT MU (mean)? 88 
HOW MANY RANDOM NUMBERS DO YOU NEED? 2@ 
INFUT SEED? 75 





At this point, the program generates 230 random numbers which 
are developed around the input parameters. These numbers 
are then scrolled down the screen. The user can stop the 
scrolling action at any point with the PAUSE key. 


са xem 
GENERATION COFIFLETE! 
SUMMARY STATISTICS FOR THIS SAMPLE: 
MEAN= 85.65 
STD. DEV. (s)= 74.4284 


SELECT: 1-MENU T 2- NORE TEF ONENI TAN 
ог КЕ б: -EAL 
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NORMAL EXAMPLE: Generate 20 normally distributed 67 
numbers from a population with a mean ot 88 and a standard 
deviation of 5. Use 75 as a seed. Display the mean and the 
standard deviation for the sample. 


MENU 
1-RANDOM SAMFLE-FINITE FOF. 
2-RANDÜM SAMFLE-EXFONENTIAL 
S-RANDOM SAMPLE-NORMAL 
4—-RANDOüM SAMFLE-UNIFORM 
ΕΛ: 


316 1117 3 


HEKEKEKHEKRANDOM SAMPLE - NORMAL xx x-(dex* 


THIS FROGRAM IS DESIGNED TO GENERATE A 
SERIES OF NORMALLY DISTRIBUTED RANDOM 
NUMBERS AND TO COMFUTE THE ASSOCIATED 
SUMMARY STATISTICS! 


1321) tele ae 


INFUT THE MU (mean)? 


INFUT THE MU (mean)? 88 
INFUT THE STAND. DEV.” 5 





1 4.2, 


INPUT THE MU (mean)? 88 
INPUT THE STAND. DEV.? Š 
HOW MANY RANDOM SAMFLES DO YOU NEED? 26 















INPUT THE MU (mean)? 88 
INFUT THE STAND. DEV.? 5 

HOW MANY RANDOM SAMPLES DO YOU NEED? 3264 
INFUT SEED (for random sample)" 75 






At this point, the program generates and displays 24 
exponentially distributed random numbers using the input 
parameters. The random numbers are scrolled down the screen 
for user perusal. (Use the PAUSE key to halt the scrolling 
action.) 


SUMMARY STATISTICS FOR THIS SAMPLE: 
SAMPLE MEAN (Xbar)- 89.3514 
SAMPLE STDV. (s)= 3.81231 


SELECT: {ΠΕΙ 2 MORE μα η μυ τα 
ΩΩ Επ د‎ 2٤۹٢ ٢ ٢ت‎ 
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UNIFORM EXAMPLE: Generate 20 uniformly distributed random 
numbers between SU and 100. Start with a seed-of 75. Find 
the mean and the standard deviation of the generated sample. 


MENU 
1-RANDOM SAMPLE-FINITE FOP. 
2-RANDOM SAMNPLE-EXPONENTIAL 
2-RANDOM SAMPLE-NORMAL 
4-RANDOM SAMFPLE-UNIFORM 


KEREKEERKRANDOM SAMPLE — UNIFORME HEHEHE HEHEHE 


THIS FROGRAM IS DESIGNED TO GENERATE A 
SERIES OF UNTIFORHLY DISTRIBUTED RANDOM 
NUMBERS AND TO COMPUTE THE ASSOCIATED 

SUMMARY STATISTICS! 


USH ENTER 


ο. ο ο ٤٣۳٣١٣٣ CIMT ریت‎ ой 


JI ij pili DESIRED UFFER Lith lt s=0) ? 100 
NT UT THE DESIRED LONER L INI] (= y mo 
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INPUT THE DESIRED UPFER LIMIT(>=@)? 100 
INPUT THE DESIRED LOWER LIMIT (¥=)? 0 
HOW MANY RANDOM LABELS (numbers) DO YOU 
NEED? 20 


INPUT THE DESIRED UPPER EMI) © UD UD 
IMPUT THE DESIRED ΠΕΡ ΕΠ, 50 
HOW MANY RANDOM LABELS (numbers) DO YOU 
NEED? 206 

ΠΙΕΙ ΤΕ SEED Е 





At this point, the program generates and displays 20 
uniformly distributed random numbers using the input 
parameters. The random numbers are scrolled down the screen 
for user perusal. (Use the PAUSE key to halt the scrolling 
action.) 








SUNMARY STATISIILS FOC 1115 ۳م‎ ج٤‎ 
SAMNFLE MEAN (ХБҺағ)- 74.35 
SAMPLE STDY. (=) = 14.9218 









INFUT: 1-MENU; 2-MORE UNIFORM RANDOM 
ΕΕ ΕΓ; 
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MODULE 3 


EXAMPLES AND SCREEN DISPLAYS 
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BINOMIAL DISTRIBUTION EXAMPLE: If the probability is 0.20 
that any one shoplifter will get caught, what is the 
probability that in a random sample of eight shoplifters, 
three will get caught? 


SOLUTION: Substitute х=, n=8, p=0.20 into the program. 
(Ref 2, pq 214) 


MENU 
i-BINOMIAL DISTRIBUTION 
2-BE0OMETRIC DISTRIEUTTON 
s-FPOILSSON DISTRIBUTION 
4-EXFONENTIAL DISTRIBUTION 
a CAIT 


SELECTION E7 


ккжеккекжжеБІМОМІНІ DISTRIBUT LON*¥# ee eee RK 


METHOD? SINCE THe ΕΙΝΑΙ το TS 
DISCRETE, THE PREBARILITY FRETWEEN TWO 


DOTMIS IS ΜΕΡΕΙ  Υ ΤΗΕ SUN OE THE 
FROBABILITIES OF EACH OF THE INDIVIDUAL 
INTERIOR POINTS. 

FUSHSENTER TO ٢۳٣١ 1٧١١ S 


METHOD (continued): THIS FROGRAM 
CALCULATES AND DISPLAYS THE FROBABILITY 
OF EACH OF THE INDIVIDUAL POINTS AND 
THEN SUMS THESE VALUES TO OBTAIN A 
FINAL SOLUTION. 

(USE TABLE VATO ΘΕΕΕΟ SOUR GE TCO TIONS 





STEFF ١١. DETERMINE FROM THE PROBLEM THE 
NUMBER OF REQUIRED TRIALS (sample size). 


INFUT THE NUMBER OF TRIALS (N)? S 















STEF 2. DETERMINE THE FROBABILITY OF A 
SINGLE OCCURRENCE (almost always clearly 
stated in the problem). 








INFUT FROBABILITY «(іп decimal form)? .2¢ 


STEF 2: DETERMINE THE BOUNDARY VALUE. 
(EXP: .. what is the prob. that in a 
random sample of 8 shoplifters 3 will 
get caught: less than 5% 3 or more هه‎ 
In each case 2 is the BOUNDARY VALUE!.) 


INFUT THE BOUNDARY VALUE? 3 


STEF 4. DETERMINE IF THE PROBLEM CALLS 
FOR A PROBABILITY Z, >, =, Z=, or >= ΤΗΕ 
EOUNDARY VALUE. 


INFUT THE FROFER ОРЕКАТОК 
ο ον ο ο... 


qu Jg x 





149 








INFUT THE RINOMIAL PROBABILITY FOR N28; 
К(ог Х)=%; WITH AN INDIVIDUAL 
FRORABILITY 

DET 

fuse Table V or formula 4)? 






The program will check the user input for this value and 
provide feedback and error corrections as necessary. In 
addition, data pertinent to the calculations is scrolled 
down the screen and each individual binominal probability is 
calculated by the user and the program. This continues 
until all the necessary binominal calculations have been 
completed. 


CALCULATION OF THE INDIVIDUAL BINOMIAL 
FROREAEILITIES IS 01 عم‎ ٢ل‎ 

THE ANSWER IS THE SUM OF THE INDIVIDUAL 
FROBARILITIES - IM FHIS CASE THIS = 

. 146801 DR ROUNDED OFF TO .147 


SELECT: 1-МЕМО: 2-FOR MORE BINOMIAL 
О ЕН э ATE ; 





GEOMETRIC EXAMPLE: When taping a television commercial, the 
probability that a certain actor will get his lines straight 
on any one take is (0.40. What is the probability that this 
actor will get his lines straight for the first time on the 
fourth take? (Ref 2, pg 218) 


MENU 
1-BINOMIAL DISTRIBUTION 
GEOMETRIC DISTRIEUT ION 
S-POISSON DISTRIBUTION 
4—EXFOüNENTIAL DISTRIBUTION 
SEET 


ELECTION T? 


xx *(GEO0METRIC DISTRIBUTION# + #8 # ee Re 
ΕΟ CAN BE USED TO DETERMINE 

THE FROH. OF: ОВТАТЫТМЫ A DESIRED RESULT 
ONT THE FEN αι πει. A DESIRED RESULT 

OCCURING WITHIN E NUMBER OF TRIALS-F (FK); 
MORE THAN k NUMEER OF TRIALS ARE NEEDED 

TO OBTAIN ΓΙ ΡΕ, 


ЕО μυς πο GEO: DIST: IS DISCRETE, 
THE VARIOUS FRORBABILITY VALUES CAN БЕ 
CACCUCATED UIEELTLY USING THE LL ο 
FORMULAS. 
у= ο ο EI (Formula 5) 
E == к (Formula 6) 

ups £ (reliability)? (Formula 7) 


III DETERMINE TITHE FERSRILITY OF 
SCC los. (Remember, ‘SUCCESS’ is 
defined in the context of a problem and 
may be the occurrence of a ‘bad’ event!) 


INFUT FROBRABILITY (in decimal form)? .4 





STEP 2. DETERMINE THE BOUNDAR, 1/7 ٢٢ 
(EXF: ...how likely is it that you will 
succeed on the Sth try?: before the oath 
trial?... In each case the boundary 


value is 5!) 


INFUT THE BOUNDARY VALUE (EF)? 4 












STEP Se DETERMINE ТЕЗПНЕСЕКФЕБЕШ 
FOR à PROBABILITY =, ون‎ +, «=, OR 
THE BOUNDARY VALUE (FE). 















INPUT THE FEKOFES ٢ ٢۳٢ 


€ e %ы Ко BE ғ” 
Соо g 4 Be 


STEP 4. SINCE ТНЕ ОРЕКАТОК IS = YDU 
NEED TO CALCULATE +#(‹ 4 ) (ог +(Е)) 


PUSH ENTER ΡΟ ЕЕЕ ОТЕ Б r SD I D TPO r 





More complicated examples may require numerous repetitiaus 
Calculations. In these cases, each of the calculations is 
displayed in a logical sequential manner building toward the 
final saluton: 


THE FROBABILITY FOR Е = 4 15 = .@B44 


SELECT: ΠΕΠ TT MORETTO- REIR 
PROBLEMS 3 ЕШ 





POISSON EXAMPLE: If a bank receives on the average т=6 Баа 
checks per day, what is the probability that it will receive 
four bad checks on a given day? 


SOLUTION: Substitute T=6 and x=4 into the program. (Ref 2, 


ЕЛІ 227). 


~ 


MENU 
1-BRINOMIAL DISTRIBUTION 
2—GEOFMETRIC DISTRIBUTION 
ΠΝ DISTRIBUTION 


4-EXPONENTIAL DISTRIBUTION 
وو ته‎ ET 





SELECTIONS 7 


HHEKKEKERXEPOISSON DISTRIBUTION 3¢ 3¢ 5 5 د د‎ ЖЖ 





ПЕЕ ΓΕ DISIRIRUTION TS OFTEN USED 
TO ESTIMATE BINOMIAL PROBABILITIES WHEN 
THE NUMBER OF TRIALS (sample size) (Nb) IS 
LARGE AND THE PROBABILITY OF A SINGLE 
DCCOURRENCE ον IS SMALL. 

CUSH ENTER TO CONTINUE? 



















КЕШЕ АЛЕКЕ ЕМИЕ Л THE FOISSON DIST. IS 
USED TO OBTAIN PROBABILITY VALUES FOR 
ЖЕБЕ EVENTS OVER ATFERIODY OE TINE. 
ΕΠΕ; SINCE THE PUISSEN DIST. IS 
paese mE IHE PROBABIELTY BETWEEN TWO 
Foto wlo MERELY THE SUM OF THE 
Phones tet TES OF EACH GF THE INTERIOR 
Sot iS Sela ENTER TIO CONTINUE 














METHOD 


INFUT: 


STER IX 


CALCULATES AND DISPLAYS THE PROB. OF 
EACH OF THE INTERIOR FPOINTS ο, ος 
THESE VALUES TO OBTAIN A SOLUTION. 
(THE CALCULATIONS MAKE USE OF 

FORMULA 8.) | 


=—-ALL OTHER POISSON APPLICATIONS? 










(continued): THIS PROGRAM 


1~TO ESTIMATE ٧٢٣٢۱٩۸ web :; 





-ᾱ-. 


DETERMINE THE VALUE OF LAMBDA: 


(This value may be clearly stated in the 
problem or you may have to derive it.) 
(Remember: LAMBDA=RATE#TIME-~-units of 
time must be the same. ) 


INFUT LAMBDA? ë 


Slee os: 
(ΕΞ. - 


DETERMINE THE BOUNDARY VALUE. 
What is the probability of 


receiving more than 6 bad checks in a 
day. In this case the BOUNDARY VALUE = 


6.) 


INPUT THE BOUNDARY VALUE(E) ? 4 










STER ЕЯ 








The program will 
provide feedback 





FOR A PROBABILITY >, Z, =, £z, or >= THE 
BOUNDARY VALUE. 


INFUT THE FROFER OFERATOR (<, >, =, =, >=) 7 






DETERMINE IF ITHE БЕШЕРЕНШЕЕШЕЗ 





check the user input for this operator and 
and error correction as necessary. 


K- 4 τΕ(Ε)- 427 
THE PROBABILITY FOR К = 4 15 = .133853 
SELECT: 1-MENU; 2-MORE FOISSON PROBLEMS; 
X-EXIT? 2 





=-= 
ІП 
Cn 


EXPONENTIAL DISTRIBUTION EXAMPLE: Given a failure rate of 


.1428, determine a component's reliability past 3 days. 


MENU 
1-BINOMIAL DISTRIBUTION 
Е ОМ ЕЕЕ ЕЕЕ Е ИИТ 
2-۳01 5500 0۱151۳٣٣٣٣ ٢! 
4—EXFONENTIAL DISTRIBUTION 
ERIE 


+¥ 3 ¥ EEE ХРОМЕМТІА DISTRIEUT I ON He 3€ 1¢ 3 1e 3e 3¢ ¥ 


ӨТЕР 1: DETERMINE IF THE БЕШЕЕРШЕЕ ЕЕЕ 
FOR A FROBABILITY < OR = A GIVEN ναι ΙΕ; 
OR FOR A FROBABILITY BETWEEN TWO GIVEN 
VALUES! 

“, 2, ОК B-(for between two given 


c 


SEET INFUT MU (mean). 

REMEMBER: LAMDA=FAILURE RATE 
MU=1/LAMDA Cor mean time to 

failure) 


MEA 


See. DETERMINE THE BOUNDARY VALUE 
(ar values for the 'between' case). 


INPUT THE BOUNDARY VALUE CE) 'Y 3 





SIEF 4; COMPUTE THE FROBABILITY (using 
formula 9). 


REMEMBER: SINCE THE OPERATOR IS > WE 
NEED TO COMFUTE: 

о( OR QC 3 ) 

FOSH ENTER TO CONTINUE? 


= .651439 


NOTE: Given a failure rate, Q(E) is 
often described and the reliability 
(usually expressed as a 4) 


SEL ECI: T- MENU: 2-МОКЕ EXECOMENTIAL 
БХ] 


2 





MODULE 4 


EXAMPLES AND SCREEN DISPLAYS 


CENTRAL LIMIT THEOREM EXAMPLE: Based on the central limit 
theorem, what is the probability that the error will be less 
than SŠ when we use the mean of a random sample of size n=64 
to estimate the mean of an infinite population with a 
standard deviation of 20? (Ref 2, pg 290). 


MENU 
ILC ENIRAL LIMIT THEOREM 
2~AFPLICATIONS OF THE NORMAL DIST. 
Z EXIT 


SELECTION? 7 


BEREKEREXCENTRAL LIMIT THEOREPM3 9€ x x x 


η! USE Or ИСЕ وا‎ COMPUTES THE 
PROBABILITY OF THE DIFFERENCE BETWEEN 


THE SAMPLE MEAN AND THE FOFULATION MEAN 
BEING LESS THAN A GIVEN VALUE ‘xX’. 


USD IT: ت‎ 


STEF 1. 

DETERMINE THE DIFFERENCE BETWEEN THE 
FOFULATION MEAN AND THE SAMPLE MEAN TO 
Bee one. 


ΠΤΙ THIS DIFFERENCE CX)» 





SIEF 2% 
DETERMINE FROM THE απ ΕΕ ΠΤ ΕΓ 
SIZE AND THE FOPULATION STANDARD DEV. 


INPUT SAMPLE SIZE? οὐ 
INPUT POPULATION STD. DEV.? 20 


ШЕШЕСІ? 

USING THE VALUES OF ХО EID. ΡΕ د‎ AHD 
THE SaMPEE SIZE, COME UIE IRE а е کل‎ 
(STANDARD UNITS). (СЕВКЕ ο ας ο 
STD. ΡΕ Sur SG οι ο 


INFUT 2 SCORE: 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


STEP 4. 
USE TABLE I TO FIND THE FROFER 
ASSOCIATED WITH à Z-SCORE- 2 





INFOT THIS VAERE? 


The program will check the user input for this value and 
provide feedback and error correction as necessary. 


SIE. 


USE TABLE I TB FIND TIE ٢٣٢ 
ASSOCIATED WITH A Z-SCORE= 2 


INFUT THIS VALUES 2.99090 
WRONG TABLE VALUE!! TRY AGAIN! 
INFUT YOUR TABLE VALUE AGAIN’? 





Four zeros are input as an intentional error Of 
demonstration purposes. The program will check the user 
input for this value and provide feedback and error 
correction as necessary. 


Siler ai 

REMEMBER, THE ORTAINED TABLE VALUE 
REPRESENTS THE (PROBABILITY) AREA 
BETWEEN Ø AND 2. 

IN ORDER TO ACCOUNT FOR THE AREA BETWEEN 
- 2 CO WE MUST MULTIPLY THE TABLE 
VALUE BY TWO. 


-4772 TIMES TWO IS = .9544 

THEREFORE, THIS IS THE FROBAEBILITY THAT 
THE SAMPLE MEAN WILL DIFFER FROM THE 
FOF. MEAN BY LESS THAN 5. 


Diei з= КЕ Csi. fs PROBLEMS: 
ЕЈ 





APPLICATIONS OF NORMAL DISTRIBUTION EXAMPLE: The lengths of 
the sardines received by a certain cannery have a mean of 
4.62 inches anda standard deviation of 0.25 inch. What 
percentage of all these sardines are longer than 5.00 
inches? (Ref 2, pg 267) 


MENU 
L-CENTRAL LIMIT THEOREM 
2-AFPLICATIONS OF THE NORMAL DIST. 
ET 


SELECTIONS 





AFFLICATIONS OF THE NORMAL DISTRIBUTION 
ЕЕЕ ЕЕ C ЭЕ ЭЕ ЭЕ ЧЄ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЗЕ ЭЕ ЗЕ AC JC E JC JE E EIE IE E OE 
THIS PROGRAM IS DESIGNED TO SID И: 
COMPUTING THE AREA tand thus, the 
probability value) UNDER THE NORMAL 
CURVE BETWEEN VARIOUS FOINTS. 










DETERMINE IF THE FRU EM COOLS ЕЕ 
FINDING A FROEAEILITY > DR < A GIVEN 
VALUE (x): DR BETWEEN TWO GIVEN VALUES 
(X and Y 


INFUT Z:2; OR B (for between two values) 


Ν᾽ 


cuz 
DETERMINE THE FOFULATION MEAN AND STD. 
DEV. (usually given). 


ENTER THIS MEAN? 4.62 





Bor 


STEF 2. 
DETERMINE THE POPULATION MEAN AND STD. 
DEV. (usually given). 


ENTER THIS MEAN? 4.62 
ENTER THE STD. DEV.? .23 


SEE 
Е TRACT THES BDEJESE DSESETMITO X CERO 
ΠΕ ΠΕΠ 


ENTER LIMIT VALUE 


ΠΠ. 

ΕΙ THE GIVEN CIMIT VALUE 'X' 
πας. 

(2-5 ο α = (KA OF MeAM) /STD. DEV.) 


Чч ш IE L ORE 0000 





Four zeros are input as an intentional error or 
demonstration purposes. The program will check the user 
input for this value and provide feedback and error 


correction as necessary. In this case, the error correction 
was flashed on the screen for a few seconds. 


SEIS ES. 
FIND THE CORRESPONDING VALUE FROM TABLE 
TOT E Л = СЕКЕ ОЕ 17609217. 


ENTER THIS VALUE? 00020 





poc 


Four zeros are input an ап intentional error τος 
demonstration purposes. The program will check the user 


input ο this value and provide feedback and error 
correction as necessary. 


5. 
FIND THE CORRESPONDING VALUE FROM TABLE 
I FÜR A Z-SCORE OF 1.65217. 


ENTER THIS VALUE? 20020 
WRONG TABLE VALUE!! TRY AGAIN 
INFUT YOUR TABLE VALUE AGAIN? 99g 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 





USING THE VALUE OBTAINED FROM THE TABLE, 
COMFUTE THE NEEDED FROBRABILITY. 
REMEMBER THAT THE TABLE VALUE .4505 IS 
THE AREA BETWEEN 2 AND 1.65217. SINCE 
THE OPERATOR IS =, YOU NEED TO DETERMINE 
THE AREA UNDER THE CURVE TO THE RIGHT 

OF 1.65217. 

INFUT YOUR ANSWER!? 








The program will check the user input for this value and 
provide feedback and error correction as necessary. 


WRONG 

THE FROBARILITY OF OBTAINING A VALUE 
s IS = 0499 

SELECT: πηραν ЕЕ ЕЕ ШЕ БЕН БН ШІ 


NORMAL: E DOE 
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MODULE 5 


EXAMPLES AND SCREEN DISPLAYS 


MAXIMUM ERROR OF ESTIMATE EXAMPLE: What can we assert with 
probability 0.95 about the maximum size of our error when we 
use x=19.6 tons as an estimate of a plant's true average 
daily emission of sulfer oxides with a sample size equal to 
40? (Ref 2, pg 303) 


MENU 
1-MaàX ERROR OF ESTIMATE 
2cDETERMTNEM ΑΕ SIZE 
S—CONFIDENCE INTERVAÀL ABÜüUT MEAN 
4—-HYPOTHESIS TESTING OF MEAN 
ЭЕ 


LECTION 2 


HEEEHHHEHKRHMOX ERROR OF ESTIMATE XK 4 ¥ 3 x 3xxx* 


EIS 
INPUT SAMPLE SIZE? 49 


ЭНЕР اا‎ 
INGOT THE LEVEL OF SIGNIFICANCE 
CI-PROÜBABICLITYO)?T .02 
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Spp. 

DIVIDE THE L. OF SIG. VALUE BY TWO TO 
ACCOUNT FOR BOTH TAILS AND INFUT THIS 
VALUE? .925 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ӘТЕР 4. 
INPO THE Z-YALCUE FOR THIS VALUE FROM 
1٣ ۱٩١ 5ع‎ 7 16 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


See 5- 
INPUT THE STAN. DEV. OF THE SAMPLE? š 


MAX ERROR OF EST= 1.79737 


= ЙЕ Σι ΕΜ οσα. EST ОР MAX- 
EUER σεχ τρ د‎ 





lo 


DETERMINE SAMPLE SIZE EXAMPLE: The personnel director of a 
manufacturing company wants to estimate the average 
mechanical aptitude (as measured by a certain test) of a 
large group of employees, and she wants this estimate to be 
in error by at most 2.0 with probability 0.99. If it is 
presumed from experience that the standard deviation equals 
135.0 for this test, how large a sample is required? (Ref 2, 
pg 304) 


MENU 
i-MAX ERROR OF ESTIMATE 
2DE TERMINE "SAMF LE TS TZE 
J-CûANF IDENCE INTERYAL ABOUT MEAN 
4-AYPFORPRESIS TESTING TE wean 


XGexoxgxDETERMINATION OF SAMPLE SIZEdd* 
ېخپ‎ م٢١‎ GIVEN:I.LEVEL OF SIGONIFIGCANCE*x 
3. ALLOWABLE ERROR 
Ja. STANDARD DEV. 
Slee 1s 
INPUT THE LEVEL OF STOWNDIEBOSNUE 
Q propan r ΙΤ; 


STEF 2. 
DIVIDE THE L. OF SIG. BY TWO TO ACCOUNT 
FOR BOTH TAILS ASND INFUT THIS VALUE? 


. 005 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ӨТЕР 3. 

LOOK UF THE FROFER Z-VALUE FOR Z-SUB 
<Е-й 3 

INFUT THE PROPER Z-VALUE (t~-alpha value)? 


0000 





Four zeros are input as ап intentional error f Gr 
demonstration purposes. 


ТЕГ, 

EBBESUBR THE FROPEK Z-VaALUE FOR Z-S8SUEB 

JE -Aa 

INFUT THE PROFER Z-YALUE (t-alpha value)” 
2000 

WRONG VALUE!!! TRY AGAIN! 

INPUT T-ALFHA VALUE (LAST CHANCE»? 9000 





The program will check the user input far this value and 
provide feedback and error correction as necessary. 


ӨТЕР 4. 
ИЧЕТ THESEEVEL- Gf TACCOWARLE ERROR? 2 


ΠΕΙ Ja 
INPUT THE STANDARD DEV.Y 15 





του 


Siler = ere 

INPUT THE STANDARD DEV.7 ¿Š 

PLUG THESE VALUES INTO FORMULA 14 AND 
ЕСОМЕНТЕ ТИЕ ΟΗΕ τος 


FUSH ENTER AND THE COMPUTER WILL 
ASSIST! 


REQUIRED SAMPLE SIZE EM e 


SELECT: 1-MENU:; 2-MORE DET. OF SAMPLE 
SIZE; 2-ЕХІТ? 1 
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CONFIDENCE INTERVAL ABOUT THE MEAN EXAMPLE: The management 
of a restaurant found on the basis of a random sample size 
n=30 that it took its head chef on the average x-bar=14.7 
minutes to prepare a particular cooked-to-order entree; the 
standard deviation of the sample is s=4.8 minutes. What can 
we assert with 9 confidence about the possible size af the 
error in the estimate x-bar=14.7 minutes of the true average 
Lime it takes the chef to prepare this item? (Ref 2, pa 


512) 


MENU 
I-MAX ERROR OF ESTIMATE 
2 DETERMINE ΙΟ ΓΕ SIZE 
A4—-CONFIDENCE INTERVAL ABOUT MEAN 


КӘНБУРЕЛМНЕРТЕ TESTING UF МЕНМ 
SEALY 





¥##CONF 1DENCE INTERVAL ABOUT THE MEAN#*#+* | 
SUE του το 

IPLE TERMINE Sortie SIZE CNY GND DEGREES 
OF FREEDOM (N=1) 

2. DETERMINE THE DEGREE OF CONFIDENCE (E) 
REGUL REDRIN THE PROBLEM (Usually 
stated as a Ж) 

цен Е ЕБ ПІ ЕШ МЕ 


CONVERT C TO AN ALPHA VALUE Е (1-86) 221 © 
OBTAIN FROFER T-(ALFHA)-VALUE FROM 

THE TABLE (Be sure to use the right 
degree of freedom? 


Σω ΤτΕ ЕЕ THE S O PIPLEE IT not given? 
THE SAMFLE STD. DEV. aN SAMPLE MEAN 
COMPUTE CRFLUG AND JUG] 

ENTERT AL CONTINUE < 





Sairi 
ТМРО ΞΕΠΕΕ, ΘΕ 


Siete lt 

INPOT SAMPLE SIZE سن‎ 

INPUT DEGREES OF FREEDOM? 49 
WRONG!! TRY AGAIN! 

INFUT DEGREES OF FREED, 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ӨЛЕР لک‎ 
INFUT DEGREE OF CONFIDENCE REQUIRED «іп 
decimal Formi: > 


INFUT DEGREE OF CONFIDENCE REGUIRED (in 
decimal form)? .7¢ 
STEF 2a 


INFUT ALFHA VALUE (as calculated from 

the- deg. of сопе Е Ὁ 

WRONG! !' TRY AGAIN! 

INFUT ALPHA VALUE (Cas calculated trom 
3(] GON. Cl Cee 





lo 


Four zeros are input as an intentional error tar 
demonstration purposes. The program will check the user 
input τους this value and provide feedback and error 
correction as necessary. 


SIEF <“. 
INFUT PROFER T-ALFPHA VALUE FROM TABLET 
BIBS 





Four zeros are input as an intentional errar tor 
demonstration purposes. 


ӘТЕР 4. 

INFUT PROPER T-ALFHA VALUE FROM TABLE’ 
0900 

WRONG YALUE!! TRY AGAIN! 

INFUT T-aLFHA VALUE (LAST CHANCE)? 9ggo 





The program will check the user input for this value ard 
provide feedback and error correction as necessary. 


sue 
INPUT SAMPLE STANDOED DEV.7 4.8 





jJ 


S EF s 
INPUT SAMFLE STANDARD DEV, ? 4.8 
INFUT SAMPLE MEAN? 24.7 


IM 
FLUG VALUES INTO FORMULA 11 AND COMPUTE. 


FUSH ENTER WHEN READY TO CONTINUE! ? 


THE CORRECT LONER LIMITI 1545855 
THE CORRECT? БЕРЕР ІІ аа 
CONFIDENCE INTERVAL = 

1 231 5 ТЕШЕ se ΠΗ 
MAXa ERROR та 


CELECT: 1- MENO T2 MORE аа амын UL - 





HYPOTHESIS TESTING OF THE MEAN EXAMPLE: A trucking firm 
suspects that the average lifetime of 295,000 miles claimed 
for certain tires is too high. To test the claim, the firm 
puts a random sample of 40 of these tires on its trucks and 
later finds that their mean lifetime is 24,421 miles and the 
standard deviation is 1,249 miles. What can it conclude at 
the 0.01 level of significance, if it tests the null 
hypothesis u-z25,000 miles against the alternative hypothesis 
из22, 000 miles? (Ref 2, pg iU) 


MENU 
Ἱ (۸ ERROR OF ESTIMATE 
2 PETERMINESSANFLE SIZE 
o-CONFIDENCE INTERVAL ABDUT MEAN 


αι απ οες TESTING OF MEAN 










YeHVFOTRESIS TESTING CONCERNING MEANS**+ 


VALUES NEEDED: NULL HYF. VALUE; SAMFLE 
opium ΟΕ. ο ШЕ SAMFLE- 





USE SEBIER TO CONTINUE 


её 4 xxx «c0 DUTION STEPGSdc33 9 3 9 X 9 


Slr 1. 
ΠΠ ΤΠΕ ΝΠ ΠΥΓΕΙΠΕΞ5ΙΡ5, 


1112۱۱٢ ۱ ١ 0 )مک‎ MILL HITE 





ЭГЕР 2; 
FORMULATE THE ALTERNATE HYPOTHESIS. 


IS THE OFERATOR OF THE ALT. HELM less 
than), >+ (greater than), OR “<> (not 
equal to)? «x 


BASED ON THE OFERATOR OF THE ALT. HYF. 
IS THIS A 1 OR = TAILED لل ل3‎ 





The program will cheek the user input for this value and 
provide feedback and error correction as necessary. 













Sei ee 
DETERMINE THE LEVEL МЕ لک‎ I r oss 
(ALFHA? AS STATED IN THE FROBLEM. 


DNEUT LEVEL UE SIG r mna το... 
«(21 


Shee. 
DETERMINE THE LEVEL Е БИЕ ع2122‎ 
(ALFHA) AS STATED IN THE FROBLEM. 


INFUT LEVEL OF SIG. (in decimal form)? 
„Öl 
HOW LARGE IS THE SAMPLE? 42 













STEP 4. 
DETERMINE FROM The TABLE THE FROPER 
T-ALPHA. REMEMBER TO USE THE RIGHT 
DEGREES OF FREEDOM (NZI. 


FIND THE T-ALFHAà CORRESFONDING TO .@1 
WITH 297 DEGREES OF FREEDON. 
FUT T-ALFHA VALUE? 2.526 


Sweat МЫ 1 





= ΓΕ... REMEMBER TO USE THE RIGHT 
DEGREES OF FREEDOM (N=117. 


FIND THE T-ALFHA CORRESFONDING ТО 01 
WIM SS DEGEEES OF FEEEDON. 

INFUT T-ALFHA VALUE? 2.3526 

CORRECT 

SLANDARD DEV. 2 7449 





Partial screen display listings are due ta the scrolling ot 
the screen as subsequent queries appear on the screen. 
While this appears to be confusing іп these hardcapy 
listings, it is hardly noticeable during actual program 
execution. 


DEGEEES FREEDOM “Nai? 


FIND THE T-ALFHA CORRESFONDING TO 
SOES DEGREES OF αι ΟΡ. 


INFUT T-ALPHA VALUEY 2.2526 
οτε Т 


STANDARD DEYV.Y 1249 
AMPLE MEAN? 24421 





Fartial screen display listings are due to the scrolling of 
the screen as subsequent queries appear on the screen. 
While this appears to be confusing іп these hardcopy 
listings, it is hardly noticeable during actual program 
execution. 


SIEP a: 
COMPUTE THE TEST STATISTICE Use aire: 
AND THE COMPUTER WILL DO IT FOR YOU? 





The program will briefly display all the input values again 
for user perusal and then compute the test statistic. 
















STEP Go EASED ON THE RELATIONSHTE 
BETWEEN THE COMFUTED TEST STATISTIC AND 
ΤΗΕ T-ALFHA VALUE OBTAINED FROM THE 
CHART, DETERMINE IF YOC CAN TRETE TETE 
NOLL στρες. 

REMEMBER, ο υπ ο το 

TEST Οτο στ —“, 714548 
“—-10 REJECT OF A-FOR 





ЕЕЕ ЕЕ 
WE SOUR REJECT THE ΠΤ 


SELECT: 1=MENU;T 2 MOREE ИЕЛЕ: 


ΕΙ! 





MODULE & 


EXAMPLES AND SCREEN DISPLAYS 
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CONFIDENCE INTERVAL ABOUT THE STANDARD DEVIATION EXAMPLE: 
If s-5.51 tons for a large industrial plant's emission of 
sulfur oxides on n-40 days, construct a 95% confidence 
interval for the standard deviation of the population 
sampled. (Ref 2, pg 248) 


MENU 
1-CONFIDENCE INTERVAL ABOUT STD. DEV. 
a HYFOTHESIS TESTIS OE ٢٢٢ 7 
EIT 


SELECTION? 2 













***CONFIDENCE INTERVAL ABOUT THE STD. ¥** 
SOLUTION STEFS 

STEF 1. 

DETERMINE THE SAMFLE SIZE AND THE 

STANDARD DEV. 


LNEBT SAMFLCE SIZE AND SID DE IDEAE 


СТЕР 2. 
COMFLITE THE DEGREES OF FREEDOM FROM THE 
SAM. SIZE. 


INFUT THE DEGREES OF πα ευ ο 


WRONG!!! TRY AGAIN! {REMEMBER OSS. SIZE 1 
OR 44-1) 
BT 





[he program will check the user input for this value and 


= 
provide feedback and error correction as necessary. 


13@ 


“μαι, -- 
DETERMINE THE LEVEL ВЕ CONE DENCE 
REQUIRED. 


INPUT THE L: OF CONFIDENCE (C) ІМ 
DECIMAL FORM? .?3 





STEF 4. 
CONVERT C TO AN ALFHA VALUE (1-(C). 





INFUT ALFHA VALUEYT .@@5 
WRONG!!! TRY AGAIN! 


CONVERT С TO AN ALFHA VALUE (1-С). 


The program will check the user input for this value and 
provide feedback and error correction aS necessary. 


STEF 5. 

IF THE DEGREES OF FREEDOM IS > σσ THEN 
USE THE 'Z' TABLE TO FIND A VALUE FOR 
Z (ALFHA/2). 


ЕРЕШЕ ie ee Lo CO THEN TOL MUST 

DETERMINE TWO VALUES FROM THE CHI-SQUARE 
XCALPHA/2S) and xX ¢(1-ALFHA/®2) 
DO YOU 2 7 өсе Х? 7 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 
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STEF S. (continued) 

SINCE THE DEGREES OF FREEDOM = 329 YOU 
ONLY NEED TO LOOK UF Z (ALFHA/2) FROM 
THE το es 


REMEMBER ALFHA/2= .@25 


ІМРИТ Z(&LFHAZ2) FROM THE Z TABLE? 26 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ESTEE у, 
FLUG THE VALUES INTO FORMULA 12 AND 
COMPUTE. 


FUSH ENTER AND THE COMFUTER WILL ASSIST 
YOU? | 


GIVEN A SAMPLE SIZE OF 40 
THE LOWER LIMIT= 4.3196 
"EIE Bis ete د‎ 


4,2196 = TRUE SVD.) DEY eee oe 


SELECT 


a 
a 
ae 





1-MENU; 2-MORE CONF. INTERVALS; 
/ 


Do 


HYPOTHESIS TESTING OF THE STANDARD DEVIATION EXAMPLE: 
Specifications for mass-produced bearings of a certain type 
require, among other things, that the standard deviation of 
their outside diameters should not exceed 9.0420 cm. Use 
the level of significance 0.01 to test the null hypothesis 
o-ü.00250 against the alternative hypothesis o-0.00:50 on the 
basis af a random sample of size n=12 for which s-0.(0077 cm. 
“Ке 2, pg 221) 


MENU 
1-CONFIDENCE INTERVAL ABOUT STD. DEV. 
ΟΤΕ: Б ИРКЕ ТИЕ ШЕ SID. DEV. 
ст лт 


SELECTION E 


ο ο ο CELINE TOR THE STD. 
SOLUTION STEPS 

Ep. 

τ. ιτ Ην ος ατα, 


INFO THE VALUE DOF IHE NULL HYP? OCG 


STEF 2. 
FORMULATE THE ALTERNATIVE HYPOTHESIS. 


OROT THE OFERATOR Or THE ALT. HYF: 
. (less than), > (greater than), OR 
(not equal tad: 2 
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BASED ON THE OFERATOR OF THE ALT. HYF. 
I5 THIS A 1 OR 2 Tatler ates. 1 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ΕΞ... 
DETERMINE THE LEVEL ος ο ΜΗ ۳٣ ٢ 
(alpha) AS STATED IN THE FROBLEM. 


JPL LEVEL OF SIGS САИ 


SIEF 4. 
EXTRACT SAMPLE SIZE AND STANDARD DEV. 
FROM THE tle. 


INPUT SAMPLE SIZE, SID Es 


ον 0077 


STEF 5. 
DETERMINE THE DEGREES OF FREEDOM FROM 
THE SAMPLE SIZE (SAM. SZ.-1 OR 12 -1). 


INFUT THE ЮЕБКЕЕ ШЕ ЕЕ ЕЕВРШ TT 
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The program will check the user input for this value and 
provide feedback and error correction as necessary. 


SIEF 6: 

IF THE DEGREES OF FREEDOM ARE >» THAN 3 
THEN YOU ONLY NEED TO FIND ONE VALUE 
ΕΗ ΠΕ ο ΟΕ Ἐ, ιο. ο. ARE < 


το THEN YOU NEED TO FIND THE VALUE tS) 
FROM THE CHI-SQUARE (X) TABLE. 
WHICH TABLE DO YOU NEED-Z OR X? x 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 












ӘТЕР 6. (Continued? 
SINCE THE DEGREES OF FREEDOM = 11 AND 
ДЕЕ SIGN TOT ЫЕ ЫПТЫ: IS > YOLU BEL 
ONLY BE REQUIRED TO LOOK UF ONE VALUE 
IN THE CHI-SQUARE (X) TABLE!!! 
















FUSH ENTER TO CONTINUE? 


IN THIS CASE (+) FIND НЕ к аппа?) FROM 
THE CHI-SQUARE ΤΕ i 
EUT THE VALUE FUR IT DEGREES OF 

LEE DD POR с 201792024 ΡΟΣ 





Due to the variable lengths of same of the input values, 
some screen displays will experience "word chop" or the 
seemingly random division af words at the end af a line. 
This is caused by the inability af the programming language 
to dynamically adjust the output. 


STEP 7. 
THE NEXT STEF IS TO COMPUTE THE TEST 
STATISTIC (FORMULA 12). 


PUSH ENTER AND THE COMPUTER WILL 
ASSIST! 





The program will briefly display all the input values again 
for user perusal and then compute the test statistic. 


STER GE. 

BASED ON THE RELATIONSHIP BETWEEN THE 
COMPUTED TEST STATISTIC AND THE VALUE(S) 
GETAINED FREY Τα ТЕНЕЕ 1٧۱1٤٣ ٣٢ ٢ 
YoU CAN REJECT THE NOCO ЕТЕ ЕТЕ 


οι ENTER TCO CONT IME 


REMEMBER: 
THE TEST STAT.- 26.0875 
THE TABLE VALUE= 24.725 
INFUT: R-TO REJECT OR A-TO ACCEFT? R 





The program will check the user input for this value and 
provide feedback and error correction as necessary: 


CORRECT. | 
WE SHQULD REJECT THE NULL HYFOTHESIS. 


SELECT: ΠΕΜ πμ ο οι Που» 


ЕТТЕ 
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MODULE 7 


EXAMPLES AND SCREEN DISPLAYS 


IG 


MASTER DATA SET FOR MODULE 7 EXAMPLES 


Maintenance 


Year Cost (Dollars) 
x i 
4 148 
2 12 
ES pum 
5 154 
2 118 
3 145 
4 142 
5 їс? 
4 142 
5 127 

A5 رونوا‎ 





XGexx**| INEGR. REGRESSION + AaMALYSISsddd 
LINEAR REGRESSION REQUIRES THE USE OF A 
SERIES GP VOM bes eee Oey eh eine ٧ i 
WSABLE INFORMATION FROM A DATA SET. A 
SIMPLE FABLE GF VALUES IS THE ΕΕΣΤ 
METHOD TO OBTAIN THE INFORMATION NEEDED 
٢٢ تالا‎ ο» THE EQUATIONS! 














YOUR TABLE 


ІНЕ ΕΙΠΕ БК 5 ۴٢ УЕН Е 
TQ OBTAIN VALUES FOR: 







Ағ ӘЛІМ Y= Sl ji 
A 2SUM Y^ 290 
X * Y SUI 






PUSH ENTER AND THE τομ د172‎ IL S S 
noc 







INFLIT X 1 (—999 when done? 
INFUT Y i ? 149 
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The user continues to input all data pairs until completed. 
The program will then summarize the input data and provide a 
formula for the regression line. Following this, an options 
menu will be displayed. 


INFLUT X 2 (-999 when done)? 


ТМЕК ЕЕ 799 πο ασπρο που 


Ὶ 
СА 


y’ «ἊΝ pa 





A-SUM= 53 Е ο τα 

YOSSUM= 133 

πο ο ατού 

X*¥YSUM= 2004 
“πε”: η.“ + 


10.9048 X 
WHERE a= 101.522 AND b= 10.9048 
HSH ENTER Le. CON LINE: 
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HYPOTHESIS TESTING OF ALPHA AND BETA EXAMPLE: With the 
master data set, use the 0.05 level of significance to test 
the null hypothesis alpha-ti25.00 against the alternative 
hypothesis alpha:t1225,000. (Ref 2, pg 444) 


MENU 
ТИЕ TEST 
2~CONF. INT. (for alpha or beta) 
AS—-CONF. INT. (mean of Y at Xo) 
ете RERED: 
Jj-ESTIMATES OF yv WHEN GIVEN x 
ΘΞΕΧΤΙ 
SELECT TON ma 


xxx x X HYFOTHESIS TESTING # *#%* % %%* 44 


WOULD YOU LIKE ТО ТЕСТ alpha OR beta? 
A-FOR alpha; B-FOR beta? A 


4 4 ¥ FE 1¢ κκ ¢ E EEE SOLUTION STEFF O E d * 3M xx 
SIEF 1. FORMULATE TnHE ΤΕΤΡ, ΤΙ 


INPUT VALUE OF THE NUE le Е 


ӘТЕР 2. FORMULATE THE ALTERNATE 
HYPOTHESIS 


IS THE OPERATOR. OF THE ΒΕ, ΠΤ, و‎ ٢٣ 
than), = (greater than) OR z5tnot equal 
lo لااو‎ 
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FASE BION ولل‎ IERI ΠΕ ΠΤ. HYF. 
' ο DEF ο το ευ TESLA 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 












ВИО ЕТПЕК ИШЕ ТИЕ ЕШЕ CF 
SIGNIFICANCE (ALFHA) AS STATED IN THE 
ЕЕЕ ЕМЕ 


INPUT LEVEL OF SIG. (always a decimal 
Value)? ,0%5 





ΠΕ. DETERMINE ЕБКЕПШ πε TABLE ΤΗΕ 
КЕК ШРЕК το πα Πε TD USE THE 
EO DEGREE STU FREEDOM НЕЕ: 


ЕТНО THE T-ALPHR CORRESPONDING TO 202 
ο EJS DEGREES OF FREEDOM; 
INPUT T-ALFHA VALUEYT 1.896 





Тһе рғсағат will check the user input for this value and 
provide feedback and error correction as necessary. 


JM 


STEP S. ΤΗΕ NEXT STEF TS τω ٢٢ لا‎ - 
THE TEST STATISTIC (FORMULA 15). 


FUSH ENTER AND THE COMPUTER WILL DO IT 


FOR YOU’? 





The program will briefly display all the input values again 
for user perusal and then compute the test statistic. 





ӘТЕР ó. KBASED ON THE RELATIONSHIP 
BETWEEN THE COMFUTED TEST πυρ. 

AND THE T-ALFHA VALUE OBTAINED FROM THE 
CHART; DETERMINE IF YOU CAM REJECT THE 
NULL HYFOTHESIS. REMEMBER, T-ALPHA= 
1.865 TEST STAT—= πο, ο Ξε 
R- ΕΙΡ ΤΟΝ Αα ο ο... Ὁ 











The program will check the user input for this value and 
provide feedback and error correction as necessary. 


CORRECTS WE απο ο ο ΕΡΕ HE НЕЕ 
ty fees 


SELECT: 1-MENU; 2-MORE БҮР αυ ING. 


S-ENTER NEWT DATA Seli ΕΠΙ. 





CONFIDENCE INTERVAL FOR ALPHA OR BETA EXAMPLE: Using the 
master data set, construct а 95% confidence interval about 
beta. 






MENU 
ΕΙ. TESI 

ZS-CCONF. INT. (for alpha or beta) 
=-CONF. INT. (mean of Y at Xo» 
a-—LIMITSSOOUP FRED. 

ШӘБРӘШІЕЕТЕЕ OF y WHEN GIVEN x 

G EXIT 

ON Ὃ 














CONFIDENCE INTERVAL (for alpha or beta? 
хх ЖЖЖ ЖЕКЕ ښپ‎ 
CI FOR alpha OR beta? 

INFUT A-FOR alpha; BHE—-FÜFR beta”? В 





ο ο. DETERMINE THE UEGREE OF 
CONFIDENCE REQUIRED (usually stated as 
a 4 in the problem) 


INFUT THIS VALLE (in decimal form)? .?53 












Senge ΠΕΡῚ IRE Ες Ες DE. GONE; 
REDDTIRNED TO 4 LEVEL OF SIGNIFICANCE 
(ALFHA)d (CALFHA=1 — D.ofC.) 

















INPUT ΤΗΕ LEVEL OF SID. 
decimal 
value)? 


(always a 





Om 
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ӘТЕР 5. USING TABLE II, FINE THE ٢٣٢ 
Τ-Αι ΓΗΑ VALUE. (Remember the degrees of 
freedom=(n-2): in this case DFRD= 8) 
(Since all CIs are 2 tailed, divide 

the level of sig. by 2: in this case 
LSIG= V ES) 

ENTER THE TABLE VALUE 













(T-ALPHA) ? 2.306 





The program will check the user input for this value and 
provide feedback and error correction as necessary. 


COMFUTE THE CI INTERVAL (using 
formula 15). 


PUSH ENTER AND Tre COMPERER αι πο, 


FOR το 





The program will briefly display all the input values aqain 
for user perusal and then compute the test statistic. 


14,9288 


SELECT: 1-MENU; 2~MORE : Z-MEMW DATA 
ENTRY: 4-EXIT? 1 
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CONFIDENCE INTERVAL FOR THE MEAN OF Y AT X NAUGHT EXAMPLE: 
Using the master data set, find a 953% confidence interval 
for the true average cast of maintenance during the second 
year. (Кет 2, ра 447) 


MENU 
1-HYF. TEST 
2-CONF. INT. (for alpha or beta) 
ΟΠ ΟΟΝΕ. INT. (mean of Y at Xo) 
tremolo OF FRED. 
ES IMAS TES OF y WHEN GIVEN x 
SS EEATT 


ΚΕ ΓΌΟΝ THE MEAN OF Yo WHEN GIVEN Хо | 


VALUES NEEDED: STD. ERROR 
T~ALFHA VALUE A and & 
۸ - SUM 





E OLS PEN VALUES TO DETERMINE ARE THEO 
VALUE OF Χο AND THE FROFER T-ALFHA 
VALUE. 


STEF EXTRACT THE VALLE FOR Хо PROM 
EE ΕΕ τα. 









SERI SS DETERMINE THE LEVEL UF 
ΞΡ ΊΤΕΗΝΕ ΓΠΟΠ ΤΠΕ GIVEN DEGREE ΠΕ 
COE TDENLE T REQUIRED: (Remember the 
БЕС |1| Ene (ісі. ον کې وهه‎ 


ENTER THE LEV. OF SIG. (always a decimal 


value!) 7? ,05 






IA 











БЛЕР 3. USING TABLE TTL FIND اا‎ πα 5 
T-ALFHA^ VALUE. (Remember the degrees of 
freedom=(N-2): in this case DKFD- 8) 
(Also, since all Cis are 2 tailed tests, 
divide your level of sig. by two: in 
this case L.0.5.= .@235) 















mof arcs 


The program will check the user input for this value and 
provide feedback and error correction as necessary. 


ӘТЕР 4: -—GuMEBHIE THE ΓΕΠΞΙΡΕΝΈΕ,. ΠΕΣ 
USING FORMULA 17. 


PUSH ENTER AND THE COEF UTE Е 
3551511 


Ио Со Іа ас 


SELECT: TI- MENU Е МЕНЕЕ I o Er: 
БЕКІШ ЕР 
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LIMITS OF PREDICTIONS EXAMPLE: Develop the prediction 


limits for the master data set at the 99% level for x-2. 


MENU 

ΠΠ TEST 
SCONF: INT. (for alpha or. beta) 
J-CONF. INT. (mean of Y at Χο) 
4-LIMITS OF FRED. 
“ESTIMATES OF y WHEN GIVEN x 
ӨЗЕЖІТ 

LECTION? 4+ 


HHHEKKHKHEXLIMITS OF FPREDICTION#S 3 3363 3 
THE COMFUTATIONAL STEPS ARE IDENTICAL TO 
THE DEVELOFMENT OF A CI ABOUT THE MEAN 
Ey: (In this case, however, formula 
18 15 used.) 


POSH ENTER T TO CONTINUE? 


STEP 1. DETERMINE Xo FROM THE PROBLEM. 


ТЫРЫ κος 


Dien ee ЕТ ЕЕ TE THE LEVEL (СЕ 
SIGNIFICANCE NEEDED. (Remember Ц. 0.5. = 
(1 — degree of confidence) 


INFUT THE LEV. OF SIG. (always a decimal 
Value!) F .01 





1 













ӘТЕР 22 FIND THE PROPER لک‎ rir ΠΣ 
FROM TABLE II. (degrees of freedom= 
(n-2) or in this case 8) (Remember to 
account for both tails you must divide 
the LEV. OF SIG. bv two, in this case 
Ll: OCS. 22E A) 
INFUT T-ALFHAY 3,355 









The program will check the user input for this value and 
provide feedback and error correction as necessary. 








STEP 45 THE FINAL STEF POO τω ης 
THE INTERVAL USING THE PROPER FORMULA 
(FORMULA 18). 

THESFRED TEEN LIMITS ARDS 

LONER- 101.594: UPFER- 145.091 









SELECT: 1-MENU: 2>INEUT NEN DOTS; 
EKIN 
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ESTIMATES OF Y WHEN GIVEN X EXAMPLE: Use the least squares 
line calculated from the master data set to predict the 
maintenance cost during the second year. (Ref 2, pg 428) 





MENU 






Ше Б ТЕЗІ 

2-СОМЕ. ІМТ. (for alpha ar beta) 
“CONF. INT. (mean of Y at Xo) 
4-LIMITS OF FRED. 

-ESTIMATES OF y WHEN GIVEN x 
ο ΕΤ. 

SELEC TT TON? 5 








XGexdgex*ESTIMATES OF Y WHEM GIVEN Xxaxoedex 


Πα μοι SOLVE THE LEAST—-SQUARES LINE 
EQUATION Witt THE GIVEN INFUT FOR X. 


Y-hat= 101.533 + 1@.9048 X 
INFUT X? 2 





At this point, the solution is calculated and briefly 
displayed on the screen before automatically returning te 
the main menu. . 


Je 


MODULE 8 


EXAMPLES AND SCREEN DISPLAYS 
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MASTER DATA SET FOR MODULE 8 EXAMPLES 


Fines Arrests Number of 
Area (1.000) (100 ' 3) Folice Officers 
1 76 15 ШЕ) 
m 58 10 ao 
2 σα 7 ta 
- 98 2I ea 
Si OE 14 11 
ó 34 8 1 
7 7B 14 oe 
8 85 -4 14 
> 3 9 Jes 
10 88 Eo 11 


(Ref 2, pg 180) 


MULTIPLE REGRESSION EXAMPLE: Find the regression of fines 
on arrests and number of police officers. 


ο ΠΙΕΡ. Ε ΠΕΜΠΤΟ ο COMEDIT ION dx m 


NOTE: THIS FROGRAM CAN BE USED ΕΠΕ 
SIMPLE REGRESSTON (two variables) AS 
WELL AS MULTIFLE REGRESSION (with three 
variables). 


КЫЧ ЕМ TO CONTINUE 7 


IHE CEAST-SRUARES LINE FOR DATA SETS 
WITH MORE THAN TWO VARTABLES IS OBTAINED 
BY SOLVING A SYSTEM OF NORMAL EQUATIONS 
ο μα το ος ον THESE NORMAL EQUATIONS 
ARE EASILY OBTAINED FROM THE DATA (using 
formulas 19, 20 and 21). 

I sl Io te το TO TMP) THE DATA. 

ἘΞ ΕΠΕ το ΜΕ ΗΕ: 
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INPUT THE NUMBER OF VARIABLES (2 
3 


INFUT THE NUMBER OF VARIABLES (2 or 3)? 
3 


INPUT THE NUMBER OF OBSERVATIONS? 2 





At this point, the user continues ta enter all the data 
triplets. 
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© С=с ес сыс 
“GO hy GIN 


(ῇ +. Gi CO η {ο Dr. 


25 
29 
15 
25 
11 
13 
> 
ας <. 


NEU 


24 
2 

23 

DATA INFUT IS COMFLETE!! 


WOULD YOL LIFE TQ REVIEW OR CHANGE 
OF YOUR INFUT DATA (Y or N)? N 





The user has the option to review and change any 
input data. Upon campletion of these changes or 


Qt the 
1 f ПО 


changes are made, the computer will calculate and briefly 
display the NORMAL equation and the equation for the least- 
squares line before automatically branching to the MENU. 


MENU 
E-SIGNIFICANCE FOR F 
2 COEFFICIENT DF DETERMINATION 
OTO ES” O Y WHEN GIVEN XK CALI, A2) 
4-ЕХІТ | 


ЕЕЕ ТОМ 1 


HHHRKEEKHEHKEHESTGNIFICANCE TEST#HRE RE X 3 e 
ciate TIME LCUOEFEILIENT OF CORRELATION) Dx 
EE دا‎ ІШІ, DETER Ἢ ΠΕΥ ΕΕ 
ATTRIBUTED TO CHANCE AT A CERTAIN LEVEL 
OF SIGNIFICANCE! 


ο ατα ΤῸ CONTINUE سم‎ 
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TO BEGIN, ASSUME A NULL HYPOTHESIS OF 
"NO CORRELATION’ (meaning the r value is 
totally attributed to chance and there 
is no correlation between y and the 
corresponding x valueís)) 

NOW, LET 5 TEST THE NUL ETE TO SEE ٢ 
IT CAN BEE REJECTED: 
FUSH ENTER TO EODNTINDE: 








ӘТЕР 1. DETERMINE, THe Be Ewe 
SIGNIFICANCE (ALFHA). 


ENTER THE 1.0.5. (ALFHA) (always a 
decimal value)" .905 











ΤΕΕ SS SINCE THIS PROCEDURE tees ani 
A TWO TAILED TEST, DIVIDE THE LEVEL απ 
SIG. (ALFHA) BY TWO. 


















(REMEMBER: ALFHA= 
INFUT ALPHA/ TWO? 






SIEF 3. DETERMINE FROM TEELE VI THE 
PROPER r-(ALFPHA/2) VALUE. 


(REMEMBER: ALFHA/2= . 355 AND THE NUMBER 


DF ORSERVATIONS= 1@) 
ENTER THE TABLE VALUE! ? 
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The computer will verify user input at this point апа 
provide error notification and correction if necessary. 


FROFER r-(ALPHA/2) VALUE. 


(REMEMBER: ALFHA/2= .@25 AND THE NUMBER 
OF OBSERVATIONS- 140) 

ENTER THE TABLE VALUE? ? 

WRONG VALUE!!! TRY AGAIN! 

INFUT THE TABLE VALUE AGAIN (last 
chance!) 















Sige EET ESSE JCOSFEICIENT. OF 
CORRELATION (ғ). (Use formula 22 ar 
formula 22 as applicable.) 


pS ENTE AND THE EONPLDITER WILL DO IT 
BOR ο 





The Coefficient of Correlation іс computed and briefly 
displayed before branching to STEF 3. 












IETF OS. RASED ON THE RELATIONSHIP 
BETWEEN: THE COMPUTED VALUE FOR r AND 
THE r-ALFHA/S VALUE ORTAINED FROM THE 
IEEE DE I PPH NE Ir YD CAN REJECT THE 
HORES OT RESTIS: 

REMEMBER: r-ALFHA/2=5 . 632 

UE VALUE OF r= 









The computer will verify user input at this point and 
provide error notification and correction if necessary. 
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CORRECT! WE SHOULD КЕШЕС Т THE MIT 
HYFOTHESIS (ie, there is a relationship 
between Y and X (or Y and X1, X2) 


SELECT: 1-MENU; 2-MORE SIGNIFICANCE 
TESTING; 3-ENTER NEW DATA SET: 
4&=ЕХТ ТЕШЕ 
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COEFFICIENT OF DETERMINATION EXAMPLE: Using the master data 
set, find and interpret the Coefficient of Determination. 


MENU 
1Z GIGNIFICANLE FOR F 
2-COEFFICIENT OF DETERMINATION 
3—ESTIMATES OF Y WHEN GIVEN X 


4-ЕХІТ 


КЕБЕ ИЕМ 2 





жжжежжеСПЕЕҒКІСІЕМТ OF DETERMINATION# зе з зе з 
ЕЧ ЕЕ Εμ ΙΝΕ HON MUCH OF THE TOTAL 
VARIATION AMONG THE Y VALUES IN A DATA 
SET CAN BE ATTRIBUTED TO A RELATIONSHIP 
WITH THE OTHER VARTABLES IN THE DATA 

SET AND HOW MUCH IS DUE TO CHANCE. 


FUSH ENTER TO CONTINUE? 





3۱17 ۱ 2ک‎ ٢ ۵۲ THE COEFFICIENT OF 
CORRELATION (r). (Use formula 22 or 
formula 23 as applicable.) 






PUSH ENTER AND THE COMPUTER WILL ASSIST 


You? 






The Coefficient of Correlation is computed and briefly 


"~ 


displayed before branching to STEP 2. 
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SIERI 2. SQUARE THE VALUE OF r TO ORTAIN 
THE COEFFICIENT OF DETERMINATIGN. (THE 
CO. OF DEI: TIMES ος οἳ es TE EES ENT 
OF THE TOTAL VARIATION OF Y WHICH IS 
EXFLAINED BY THE RELATIONSHIP WITH X 

(or Xi and X2) 

r SQUARED ж 100= 62.92397875716 % 

FUSH ENTER TO CONTINUE? 





IHAT S ALL THERE IS TOITA 


SELECT: 1-MENU; 2-ENTER NEW DATA SET; 
SEAT 
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ESTIMATES OF Y WHEN GIVEN X1 AND X2 EXAMPLE: Predict the 
amount of fines given 750 arrests and 53 police officers. 


MENU 
1-SIGNIFICANCE FOR К 
=-E0EFFICIENT GF DETERMINATION 
3 ESTIMATES OF Y WHEN GIVEN X (Xl, X2) 


А= ЕТТ 


Е ЕЕЕ ТЕМЕ 3 








**xESTIMATES OF Y WHEN GIVEN X (Xl, X2)#* 
He TE IE YE 4 C6 3€ 396 36 3€ 36 306 96 96 EX 396 2€ 36 96 36 36 96 >C 3€ 960 396 3C 96 3€ 9€ 46 2€ 9€ 3€ € 9€ 36 X 
SOLUTION: SOLVE THE LEAST-SQUARES LINE 

EQUATION WITH THE GIVEN INPUT FOR X (or 

E ἔσο 








που το αι ο ο > 02668 Xl + =. SOTI? 


X 





HK HE E HH HE HE E E HE HE HE HE HE E HE HE HE E ЖЕ ЭЕ ЭС ЗЕ ЭЕ ЭЕ ЭЕ ЗЕ ЗЕ Ж ЭЕ ЗЕ EEE 
SOLUTION: SOLVE THE LEAST-SQUARES LINE 
EQUATION WITH THE GIVEN INFUT FOR X tor 
X1, X2). 


πιο το ο το + 5.02668 KL + —.97907 X3 
ΠΤ ΚΙ; Fe. 
ΓΙ Ε 





At this point, the solution is calculated and displayed 
briefly before the program automatically branches back to 
the main menu. 
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STANDARD FORMULAS AND TABLE DESCRIPTIONS 


This section contains a listing of some standard 
statistical formulas to aid the student in using the program 
modules. In addition, a brief description of the 
statistical tables used by the modules is provided. The 
number αι to each formula is а key value which 5 
referenced by the modules. Similarly, a roman numeral 
uniquely identifies each table description. The actual 
tables referenced by the program modules can be found in 


reference 2. 


Formulas 


n! n n! 
IR 0 p | | 


r] ri(n-r)-! 


PCE TOLAR m) 


3. PCB! “BCR Y= PCATB, )#P(By)* PCA/By) #+ += #P(B, )* P(A/B, ) 

zi е Lory xU ICI TT OCT 

5. f(k)ep(1-p) ار‎ оао 

Tula у= S Ec SR x=0 O WS 
9. prob. value between o and x for exponential distri- 


E E eee 


NO. 


E. 


14. 


1... 


Гб, 


D. 


88. 


ү. 


E. 


Zl. 











2 Y eos ۱ د اوي‎ 
Bj 
2 
5 5 2 (n-l)s 
7o A PY e 
y 2n / 2n 
i Е 5 < 0 < CEE 
| D 
& eua Sa 
ЖЕ а-а ٨ b-8G |n ух“ -( Хх = 
[1 ry : Se n 
ERE: 2 
п( Ух у= ух) 
— - — 
| .-2 «56 
ه٢‎ 6 ( I4 —ÀÀ— — ODD SM UL CAO 
n( x )-( Xx) n(Ebx )-(Xx 
n 





(a+bx,) *5е| 2+ 





cm s 


(a+bxo) 3E у ‘Se 


: п(5х2)- (5х) 


Ly=nebo+b, (2x, )+b,( 2x5) 
2 
Lx yabo( 2x, )+b, (2x, )+b, (2x 


112) 


2 
2х y=bo( 4x, )+b, (2x) x5) +b, (2x, ) 


25 


288 


>= 


= 


n( 2x 


n(x )-(Èx) 


/ 


poly در‎ 
(у-у) 


x 


2 


n(Xy )-(Xy) 


Table Descriptions 


Table I: Table I cantains the probabilities that a random 
variable having the standard normal distribution willl take 
on a value between Ὁ апа z. 


Table II: Table II displays the values for the area under 
the t-distribution curve to the right of t-alpha. 


Table III: Table III displays the values for the area under 
the chi-square distribution curve to the right of chi- 
square-alpha. 


Table V: Table V is used to obtain binomial probabilities 
given n, x, and p. 





Table VI: Table VI displays the values of r for n between 
and 92 and for r.o2s5, f.o10 and r. ows. 


Table IX: Teble IX is used to obtain binomial coefficients 
tor n between Ø and 20 and x between Ø and 10. 


APPENDIX B 


This section contains the program listings for the Ссеуек ال‎ 
CAI package. Modules 1 through 8 are listed in sequential 


order. 


ΤΠΕ. MODULE πὄμ 

2 "DATE: 12 MAY ΕΞ 

4 “PURFOSE: THIS PROGRAM IS DESIGNED TO ASSIST 1۹1 1ل‎ ٢ اګ‎ 
IN THE CALCULATION OF FERMUTATIONS, COMBINATIONS, AND IN 
SOLVING FROBLEMS INVOLVING EAS ۹ EOE 

5 “A SEPARATE SUBROUTINE IS DEFINED FOR EACH OF THE ABOVE 
AFFLICATIONS. 

8٠ 

10 'INFUT VARIABLES: 

12 EVENTS NUMBER OF EVENTS 

14 “N=TOTAL NUMBER OF DISTINCT OBJECTS 
14 “FA=ARRAY OF THE FRORBABILITIES-F(GGB) 
18 “PB=ARRAY OF THE PROBABILITIES-F (A/#E) 
ms 

ος OUTFUT VARIABLES 

24 “BAY=ARRAY OF POSTERIOR FROBABILITIES 
οὐ “BITM=FROBABILITY FAD 

28 “CMB=NUMBER OF COMBINATIONS 

“Ὁ “A=NUMBER OF FERMUTAT IONS 


а дан) 
1ه‎ ὲ 
ow! سه‎ 


Aq INTERNAL VARIABLES 

oco EZ EDT DD GITE SS 

38 ILIDEX/IZDER/ISDEX — SOCREEM FORMAS VOIE ES 
20 ‘“J/NSUB=SUBSTITUTION VARIABLES FOR N (number of distinct 
objects) 

Az “Q=FLOW CONTROL 

ар "SUM=SUM OF THE FROBRABRILITIES F(R} 

44 "“TRP=NUMERATOR IN THE BAYES’ CALCULATION 

4Q ‘ 

да ° EK EFE HE E FE E HE E YE HE FE € Je MC FE еке ее HE RE e de Ke d€ 
485 ‘TOTAL FROGRAM MENU SELECTION 

AED LA ° REE dc XX € 4€ 3 9e X JC de de6 de 36 MO FE EE FE IE EE EEE FE OE EE EK 
الات‎ СГЕӘЕРЕКТМГТНЕСТЕЛУ МЕМ ٢ا‎ 

ТО РЕТ УТЕЕЕЕ ИЕТ ШЕ 

«aou Ρα ΜΗ ο ΙΙ ΤΗ ΓΙ 

а РЕШИ S Fr yE s ene nies 

Jeu ЕЕ ТМЕК ЕИ 

cien ΠΙΟ ο Επ 

2649 ON о сото 1000, 2000, 71006,1110 


570 END 

-- 

Ὁ 70 τ ῖτ""-”"ἒΜἕδΝΞΖζΞΞἙΓΞΞ-Ξ-----------------------------ς-ες-ε-ο-τω-μα--- ομείσων-οὶ Ἔν 
«ο ο < < Q ӘНӘНӘ — سر‎ “m m r mm ee ست‎ m mt w w m w Q ee ee ee ақылы 


ο ° EE E HE E HF E HE E E HE E O E E E E HE E E E E E HE FE HE He 9€ 1€ 9€ 90 90 3€ 9€ 3€ 96 90 396 9€ 3€ 

985 'FERMUTATION DRIVER AND OUTFUT ROUTINE 

οσο HEH E IEE EEE E د‎ 30 30 30 E HE HE € 3€ € € 3€ 9€ 9€ 96 3€ 30 3€ 36 36 9e 3e 9e 9€ 9€ 3€ 

1000 CLS:FPERERINT's33c3€3€ 9€ 9€ 9€ 96 3€ 9€ 9 € € EE IESEMUU T A T. 1 OIN 53€ 3€ 9€ 9€ 3€ 96 36 96 9€ 3€ 0033€ + ' 
i010 FRINT"THIS FROGRAM CALCULATES THE NUMBER OF 
PERMUTATIONS OF ғ OBJECTS SELECTED FROM à SET OF n DISTINCT 
IuuECTS9": PRINT 

1020 CLEAR: ON ERROR GOTO 22000 

10.34 GOSUE 1400 

10650 GOSUB 13542 

i770 GOSUB 19009 

ОИС ЕБТ ЕСТМ ТЕЕ NUMBER OF FERMUTATIQNS GF":R:"GBJELTS 
ШЕРЕРТЕП ЕКОМ A SET OF”: N; “DISTINCT ШЕЛЕРІ 15 
="s Xs PRINT 

O INPUT "СЕГЕСТ: 1- КЕМС: 2-MORE PERMUTATIONS: 
Z-EXIT":Q 

1100 ON R GOTO 508, 10600,1118 

1110 MENU 

LEBO خد دز‎ HE گنر دد‎ 39€ Je 3C 9€ 39€ JC JC € 4€ JC Je +C JC 36 96 36 JC Je 390 26 3€ 3C 0€ 96 E ¥ 96 

1285 “COMMON INFUT ROUTINE (also used in the Combinations 
subroutine) 

15190 HE EEE EEE EE € € € 4C 3€ 9€ 3€ 9€ 9€ 9€ 3€ 3€ J€ 9€ € JC 9€ Je 3 0 JC 9€ 0€ 9€ € 

1400 ІМРОТ "INFUT n'"s:N 

meee Ir Ne ABS CINT (N)) THEM PRINT"m MUST BE A FOSITIVE 
MT EGER!" : GOTO 1400 

Шел INPUT "INPUT rer 

ШЕШУІ ІР Re SRS CI NT (R)) GR REN THEN FRINT"r MUST BE ñ 
P@ellIVE INTEGER <= n.":GOTO 1420 

1440 RETURN 

LABA ° HE EE FE E FE CE € 4 cde JC c 36 4€ X K e de E E E KE Je JC Mete Wee e X EER 

1485 “DISPLAY OF THE NECESSARY COMPUTATIONS 

1490 ° KERR KK ác Y de e € Xe C de Jede ge de e Je X JC 46 Je X Re Je Me 6 dee de de gb He M de 

feo CLSesPRINT MUSE THE FOLLOWING FORMULA TO CALCULATE THE 
ANSWER. CFormula-12)' 

Τη) !ΞΡΕΝΤΙΘΙΡΙΜΣ -ε[α5}1η 

1515 IF R=@ THEN RETURN 

ШРШ PRINT THE CALCULATION CAN BE SIMPLIFIED TO: 

ИТА ЕСШЕ ТЕМ TO (N-R)+1 STEF =1 

1540 FRINTIs 

ΞΕ ТУМЕН ЕІ THEN PRINT "*"s 

feo” NEXT I 

UID DMEBHIOSPBOSH ENTER FOR ἢ COMFLIITER SOLUTTONM'":zG 
1290 RETURN 

1970 “!=======s==s=============== rss is 


ES e —€ — Pa ο. ο. Oed ши 600 олын) онын) онын (éd αρ σαντο αμ. «αρ s“... s V. bé edP есжбб «өзе QUUM Popes QD 
2 » палас Шала ΠΟ — — — — — — — — `= о шщ 


199)  ' KH KE e e 4€ € € 3€ € IEEE ее ыы еее 
1985 “COMBINATIONS DRIVER AND OUTFUT ROUTINE 


eu 


1990 
2000 
2005 
2010 


ХЕ ХХХ ЖЗ 
CLS:FPFRINT'3 3 333 3933 3€ 9€ 3X COMBINAT IONS» 5 xx xc x" 
CLEAR:ON ERROR GOTO 22000 


FRINT"THIS PREGRAM CALCULATES THE NUMBER OF WAYS ІМ 


WHICH r OBJECTS CAN BE SELECTED FROM A SET OF mn DISTINCT 
OBJECTS. "sFRINT 


2020 
20.50 
2040 
205 


GOSUR 1400 
GOSUB 2900 
GOSUB 20000 


CLS:PRINT"THE NUMBER OF WAYS IN WHICH "“;RSUBs “OBJECTS 


САМ BE SELECTED FROM А SET OF";NSUB;"DISTINCT OBJECTS IS 
=" CME: PRINT 


21260 


INFUT "SELECT; L-MENU; S2-MORE COMBING |] ahs: 


X-EXIT";G 


4270 
2080 
2480 
2482 
2490 
25002 


ANSWER 


ам @ GOTO 340,2000,1110 

END 

! Gee de X CJ X X X JJ X IC Je ЗЕ ЭЕ € Ye X I Y Je JC € X ЭЕ ЭЕ ЭЕ ЭЕ ЗЕ ЗЕ ЗЕ ЗЕ ЭЕ ЗЕ ЭЕ ЭЕ E 

'DISFLAY DF THE NECESSARY CALCULATIONS 

“же e de de X Je dee Je X C C ЗЕ ЗЕ ЗЕ ЭЕ e Je ee ЗЕ ЗЕ ЗЕ ЭЕ ЭЁ ЗЕ ЭЕ ЭЕ ЗЕ ЭЕ ЭЕ ЭЕ ЭЕ ЕБ ЭЁ 0. 
CLS:FRINT"USE THE FOLLOWING FORMULA TO CALCULATE ТАШЫ 
(Formula-2) OR OBTAIN THE ANSWER DIRECTLY FROM 


TELE TT 


2510 


= M : M: 


ой 
له‎ 
ccu 
29340 
لس شه‎ ат 
اه‎ 
2260 
2070 
2980 
2990 
2500 
2610 
Et 
ο Sl 
2980 
Еа 
2990 
айға 
240220 


TABLE, 


ПИСЕ 
ΜΝ 


PRINT’ ANSWER = 
لس ونمل و‎ 
IF K=O THEN RETURN 
PRINT THE CALCULA TUN CAM EE μι r IEP μα 
RSUB=R 
БЕТПЕ ١ ول‎ 
JF NER THEN FENER 
FOR ISN TO ΜΕ. τι STE 
PRINT Т: 
στ = уе ЕК АМ ERINT 
NEST I 
PRINT ОБЕ 
CHET PUSH Sah eR n p A, 
RETURN 


΄ олт өза оолат еее 990% (бла CE OSS CRT SEE + + V. Q. (s V s s a t s x s aciem Mees GREED QUUM s GREED دسجب‎ Gene Garey болыр mmu. Anoop Hime 
- 


= 


COME UTES ο ΝΡ 


FE E FE E € ex FE HE FE Ee HE de € C6 36 3e 3e dC 3e € 9o 36 € 3€ 36 36 € ЗЕ Зе HEHE € 

πε: τ; 

OE EE EEE KC E HE HE E FF i E HE E E FE 0 Б E E f E i o Е 3 E E 

CLS: PRINT" Fe f κ αφ دز‎ E دخزخز‎ HAYES ° THEOREM 34-3 3€ 3-3 33-33 xx 
PRINT RETHOD: FORMAT THE GIVEN USCIS IM Ti G HAYES 
THEN CALCURATE ШИЕ POSTERIOR Επ Εν ل1‎ ES 


USING FPORMULA=]=2 22 em || 


E 


30410 


2045 
рУй 
5060 


INPUT "БЕНЕН ЕНБЕК ТОЛАС τα 
CLEARSQN ERROR GOTO 22000 

GOSUB 3100 

GÜSUR 2200 

30S9UB 2 


21 


5070 
02800 
‘3090 
5095 


GOSUR 5400 

eo eee ول سل ود‎ 
ΩΝ Ὁ GOTO ως, tiig 
END 


2-MORE BAYES; 3-EXIT";Q 


5097 
5098 
3099 


T E E HE E E E E E e E E E E E E E E Kj E E E E E E EER HERE 
‘TABLE FORMATING FOR DATA INFUT 


! 4 Je J€ 3€ ХХХ ЖЖЖ 


Ex rPRINP'STEE- 1. DETERMINE THE NUMBER OF DISTINCT 
EVENTS (B).":PRINT 

БЕЙІЛ ЕМЕ ЮИ "ТЫРПТ NUMBER OF EVENTO (B)"sEVENTS 

SED IF EVENTS: THEN FRINT"SORRY THIS FROGRAM EXECUTES A 
MAXIMUM OF 5 EVENTS! "s END 
EU IF ARS CINT (EVENTS) “< 
19 

ES CLSSFRINT"STEF 2. HUILD THE BAYES’ TABLE: FIRST 
EENERMINE THE CAUSE FPROBRABILITIES THEN DETERMINE THE 
CONDITIONAL FRIOR FRORABILITIES. (These 
probabilities are usually given in the problem or are 
easily calculated.) "iFRINT 

ο INPUT "PUSH ENTER TO CONTINUE": © 

Sree RETURN 

БЕЛ СІЗ ЕКІМТ"ЕМЕМТ" 

A210 FOR I1 TO EVENTS 

ΜΔ РКІМТТАВ(12:7әЕ”;1 


23250 NEXT I 


EVENTS THEN FRINT"TRY AGAIN": GOTO 


3240 FRINTG6,"CAUSE PROB:PFRIOR FROB :BAYES FRÜOEB"; 
325Q0 I1DEX-46: I2ZDEX257: I3DEX«69: SUM 

3260 FOR I=1 TO EVENTS 

3270  PRINTeZ40,"INPUT P(B";I;") "ә: МРОТ РЕС) 
3290 FRINT@255," E 

3290 IF FB(I) 5-1 OR FBRB(OD ZO THEN GOTO 2327 
5500 FRINT@LIDEX,"F (BR) ="sF BCI); 

5210 PRINT@24@,"INFUT FCA/B"s13") "32 INPUT FACT) 
3320  FRINTG25 Sn " 

3330 IF FA(CI)5z1 OR FA(D ZO THEN GOTO 3310 
3340  FPRINTGI2DEX,"F(A/E) s" s PACID g 

3350  IIDEXSIIDEX-40: I2DEX-IZDEX-«4Q 

3360 SUM=PEBC1)+SUM 


A570 NEXT I 


ΙΤ. ΨΩ ΕΠ SUM.9?9 THEN FPRINT"THE SUM OF THE 


CAUSE FROBABILITIES DO NOT = 1!! TRY AGAIN. ":FOR [=1 ТС 
1000: МЕХТ I:GOTO 3200 
EX eet ЛС ГЕР 4: PUSH ENTER FOR BAYES” PROB. ":s: INFUT 


[3 

Ew RETURN 

2400 РОК T=1 TO EVENTS 

3410 PRINT@ISDEX,"FCR/A) =" 

A420 —IZDEX-IGDEX-4U 

4. NEXT I 
2440 PRINTG2AOD, 


ОВЕ εισαι LOU 


ΠΗ ΣΕ ٢" 11 


3450 
2980 
3982 
Dou) 
9970 
„Уу 
9980 
пова 
Ὁ ΠΗ 
10000 
10012 
10020 
109020 
10040 
1 0090 
180060 
14930 
14982 
14994 
15242000 
120112 
12020 
1544.50 
15040 
15020 
15070 
] 22:08 
19980 
] 7x 
15040 
20000 
28007 
201920 
240 
20030 
204060 
20070 
200490 
20100 
202110 
24 1 الد‎ 
ТЕЙ 
κ ΤΕ 
21770 
22000 
С 
22 G2 
229.20 


RETURN 
΄ 46 κ κ E HE HE HE E E E E E E E E HE HE HE HE HE E HE HE E E HE HE E HE E E E E E E E E E E 
'‘OUTFUT ROUT INE 


΄ ΚΚ FE E E HE E FE E HE JC 4€ 3e E Je E FE FE E E E FE E E FE FE E JC JC 36 JC FE 36 36 JC 30 3€ 9€ 3€ € 


O meo cmo میب مت مت میت مت جت جت مت پس ییښ‎ Ot) GREED эзы? сыыс тыгыз معت مچ‎ тырыз — — — GREED GREED سمت سمت‎ CADO مستبت‎ шымыр مت سمت‎ CANO a — مس تت ممت‎ aie 
موی ہے ا‎ GMMME) e — — GR) جسم جحت سمت‎ CARO  — < s. s — — — ہی بی می می می‎ mme mo GRAN) GAME) ممه صمت صمت صمت سو سیت بچ بی صمت‎ ымш سمت‎ 


E E E FE FE FE FE HK FE HE FE HK E FE E E FE FE E E E FE FE FE E FE FE E FE E 9€ 3€ 90 96 3€ 96 9€ 3€ 90 3€ 
“CALCULATION OF FERMUTATIONS 
' Jc Jc 3€ JC Je 3€ X 3€ 3€ 9C 3€ 3€ 96 JC € 3€ E κ. κ. HE E FE κ. HE FE HE E κ.α. κ. JC € κ. жек 
IF R-Q THEN X-z1:RETURN 
IF R=1 THEN X=N: RETURN 
A=N 
FOR I=(N-1) 
Х=д+=1 
МЕХТ 1 
RETURN 
΄ FE Ê 3€ € Je 9€ 3e 3€ 9€ JC 3€ J€ 90 3€ 9€ 3€ 9 9€ 9e خد‎ XC 0€ 3€ 9€ JC 3€ 3€ J€ 3 3€ 9€ 9€ 3€ 9€ 3€ 9€ 9€ 9€ 26 3€ 
‘BAYES’ CALCULATIONS 
E E ede qe de MX qe 4636 Jc 3c Je 3C JC 36 3€ 3€ 3e 30 JC 36 36 6 3€ Je 96 9€ 3€ 96 € E JC 0 Je FE € 3€ 3€ € 
FOR TSI IU EVENTS 
BHTTMZBTTM-TPFBGD *FACI) 
NEXT I 
FOR J=1 TO EVENTS 
TF=FR(J)*F ñ (J) 
BAY (J) =TRP/ETTM 
NEXT J 
RETURN 
! 3e 3€ 3€ 3€ 290 3€ J€ J€ 4€ € 9€ ККЕ EE EEE 3C 3€ e 36 € 
“CALCULATION QF COMBINATIONS 
° + E HE FE 4€ € 4€ € 3€ 9€ 3€ 4€ 4€ 3€ 36 4€ 3€ 3€ 1€ 36 96 3€ 3€ 96 96 3 € € J€ 36 KF HE € چف خل چف‎ 3 HF 
JN: NSLURBZN 
IF R=A THEN 1-1:60Т0 20090 
IF R=1 THEN GOTO 2690 
POR Gla. το ο... 
N=N- 1 
ΤᾺΝ 
MEXT I 
INR 
فا۵اا۵اا! نالات دانا‎ 
CMB-J/X 
RE TURN 
FE FE ede Je de Je Je de ge 1€ e 4C Je Je Je J6 € Ot EE EEE IE EE RHR ERE EK 
"ERROR TRAP 
ري‎ 3€ 3e 9€ 3€ ЕЕЕ Ж e e 3e do de HC de Je de de de 


TO CNSR? pop l 


ІР ERR=6 THEN FRINT“RESULTING NUMBER EXCEEDS COT ٢٢ ae 


AFACITY.":FOR I=1 TO 16@@:NEXT I:GOTO 500 
PRINT"ERROR" ERR; "IN LINE"; EFL 
FRINT"CONSULT 0۶55670858 MANUAL": END 


ο τος MODULE 2 

2 ‘DATE: 15 MAY 8S 

4 'FURFOSEs: THIS PROGRAM IS DESIGNED AS AN AID IN GENERATING 
RANDOM SAMPLES OF VARIOUS TYPES. SUMMARY STATISTICS ARE KEPT 
FOR EACH OF THE GENERATED SAMPLES. 

© ‘THIS MODULE DIFFERS FROM THE PREVIOUS AND SUBSEQUENT 
MODULES IN THAT IT IS DESIGNED AS AN AFFLICATIOQNS MODULE 
ONLY AND DOES NOT ATTEMFT TO PROVIDE THE STUDENT WITH à 
FRAMEWORE TO PRODUCE RANDOM NUMBERS. 

8 

MESS SUERNOUTTINES INCLUDE: 

12 ‘RANDOM SAMPLES DRAWN FORM A FINITE POFULATION 

14 “EXPONENTIALLY DISTRIBUTED RANDOM SAMPLES 

16 ‘NORMALLY DISTRIBUTED RANDOM SAMPLES 

18 “UNIFORMLY DISTRIBUTED RANDOM SAMFLES 

“ФЕ” 

ma  INFUT VARTABLES 

24 “AML=FROBABRILITY VALUE 

26 “LNUM=NUMBER OF RANDOM NUMBERS NEEDED 

=a ‘“OFAIRS=NUMBER OF FOSSIBLE OUTCOMES 

50 ‘“FROR=INDIVIDUAL PROBABILITIES 

A2 “SEED=SEED VALUE TO START RANDOM NUMBER GENERATION 
c4 C 

35 “ООТРОТ VARIABLES 

58 “ASTDOV=STANDARD DEVIATION (normal dist.) 

4A “CAT=CORRESFONDING OUTCOME 

42 ‘“MEAN=RIEAN OF THE RANDOM NUMBER SET 

44 “RAD=RANDOM NUMBER 

44 “RIAD=RANDQM NUMBER . 

48 “STDV=STANDARD DEVIATION 

ао Ἴ 

uo INTERNAL VARIABLES 

24 “ASZ=RANDOM LABLE 

36 “Ll/J/K=LOOP INDICIES 

293 ‘LIMhM=INDIYVIDUAL RANDOM LABEL UFPFER LIMIT 

54 ‘“MARE=SCREEN FORMAT VARIABLE 

вз 'O1/O2/02=SCREEN FORMAT VARIABLES 

64 “SCAT=SUM OF THE CORRESFONDING OUTCOMES 

66 “S2CAT=SUM OF THE SGUARED CORRESFONDING OUTCOMES 

5З ‘U1I/US=RANDOM NUMBERS (used in generation of the normally 
get, ran. num.) 

70 “XSUM=SUM OF THE EXF. DIST. FANDOM NUMBERS 

7/2 الات نالات‎ OF THE SQUARED EXF. DIST. RANDOM NUMBERS 
74 “Y=S=USED TO INITIALIZE THE RANDOM NUMBER SEQUENCE 

M ó, 

HBO ° KHE HE FE E d-3 € 3 3e 4€ € 4 4c x € X κ. ede Jede de Me de de 16 € 6 46 e ded € e 9 € 9e 

485 “TOTAL FROGRAM MENU SELECTION 

490 RSE EK EEE HER ERIE RII RK 99 4 € € 46 3€ € 3X X 4 

meg  CLS:FPRINTTAR(1IS) : "MENU" 

Па PRINT "1—-RANDOM SAMPLE-FINITE FOP.” 


cep PRINT" 2—-RANDOM ЗАМЕ ЕБЕ ЕЕЕ 

230 FRINT' 2-RANDOM SAMPLE-NORMAL" 

40 РКІМТ"4-КАМрОМ SAMFLE-UNIFORM" 

cju SEE NUT "es X DO ΕΕ ΤΙ 

3960 INFUT"SELECTION"sUO 

570 ON Q Бото 700, 2000 , 4000 , 5000 , 500 

280 END 

600 MENU 

=> > >> س 

675 SS n e E E دض وه‎ 

SB) لد دل د د‎ € 3€ X 3€ € € € € Y 3€ IEEE HHH 

4802 ‘INTRODUCTION AND DRIVER ROUTINE FOR OBTAINING A RANDOM 
SAMPLE FROM &à FINITE POFULATION 

520 'J«33 3 4*3 c x Y X X X 4C € X J€ X 3€ 3€ 3e € 3€ 3€ 36 € 3€ 9€ 4€ 0 3€ 3 39€ € 9€ € 9€ € € 

700 CLS:sPRINT"®*#8**RANDOM SAMPLE (Finite Fop.)dsxsxxxxt 


710 PRIMT"THIS FROGRAM 1S DESIONEPSESUEEREDPEEE SUMMARY 
STATISTICS FROM A RANDOM SAMPLE. THE RANDOM SAMFLE IS BASED 
DN PROBABILITIES IMFUT BY) te USE لو و‎ η 


720 INPUT “РПЕН ЕМТЕРБ Τα ο ΙΕ ο. 

7 لاد‎ Οἱ Ө:РКІМТ"МЕТНОПре- ο ΤΙ Ε БОМТЕ SI O PI EB i S I [P 
OUTCOMES’; 'P"RÜBABILITY'OF EACH OUTCOME: AND THE RANGE OF 
"RANDOM LABELS IS FRODLICED BY THE USER (with computer 
c ND 

74@ FRINT" THE COMPUTER THEN GENERATES THE RANDOM NUFBERS لل‎ 
SELECTS THE FROFER OUTCOME FOR EACH EVENT EASED UN THE 
VALUES IN THE TABLE! 2 

τ ЫРЫТ PUSH ENMNTIER IO ГМ کت ولک‎ 

Zo CLSIEREINE SOTE: ΠΣ Ισ του. FROBABILITIES ARE 
MEEDED AS THE COMPUTER GENERATES JHE ШШЕ ال‎ 
EROUEOGEILPEIPBSUESO | 

770 INFUT "TO BEGIN TABLE GENERATION FUSH ENTER"; © 

ғай CLEAR: ON ERROR GOTO 22000 

rda GUOSUE {OG 

793 GUSUE 20000 

ης ΕΠΕ I=1 TÜ αυ ΜΕ I 

dan INPUT “SELECT: 1-MENU; 2—MDRE FëENDOP SAPI ES: t G 
810 ON Ὁ GOTO 344,730, 60a 

HOO’ FE E E FE E HE HE FE E FH E E E GE E He E E E oe 

G25 “DATA INFUT (TABLE FORMAT!) 

HO EK EEE EH IEEE RR e 4€ X 4e 3€ € 3X € Je 3€ 3 36 EHH 

igna CLI.S:DEFSMG à-Z 

10025 ІМРОТ"НОМ MANY OUTCOMES for exp: there are 4 pos 
outcomes in the example on page 293)"; 0FAIRS 

10810 ІК OFAIRS<2S OR ABS CINT(OPAIRS) )<:0OFAIRS THEN GOTO 148 
14260 DIM Ail (COFAIRS):DIM ASCOFAIRS) 

10.560 CLSs:G1-40:02-954:0:25-66 

146449 FOR I=1 TO OFAIRS 

IASG IF 681-40 THEN PRINT 

ТАЕ СЗ) з "OUTCOME" S TAB C17“ BRM@E. eee 27 ee en تک لا‎ Е 

iESBH. -PREBT. G1 T1 ل٢‎ 


n 


1р1 


ې سم ته 
ملف تو 


1070 ІМРОТ А1(1) 

1080 PRINT 602," "; 

1992 INFUT FROE 

ее TA FROR: -i OR C PESESU THEN PRINTS PRINT"FROE MUST BE IN 
FOSITIVE DECIMAL FORM! ":GOTO 19080 

1100 PRINT GOQ3S,LIMx1000;"—"s CCLIM*FROEO яж1000)-1 

1110 LIM=LIM+FROE 

1115 A2(I)=LIM*+1000 

1120 01=01+40: 02=02+40: 05=05+40 

113230 IF 015240 THEN CLS:01=4@: O02=34: 02=56 

1140 NEXT I i 

1150 PRINT"DATA TABLE INFUT IS COMPLETE!" 

1160 RETURN 

1980 κα. Ж 

1985 ‘RANDOM NUMBER GENERATION AND SUMMARY STATISTICS 
1990 1 ЕЕ جو جد خو جد چو و و ج جد خو چو جد‎ 9€ 9€ 9e 9€ 3€ 9€ 9€ 9€ 9€ 9€ X 9€ J€ X J€ € 9€ J€ X 9€ 9 96 9€ 3€ 

2000 САТ= 0: ЗСАТ=0: 52САТ=0: 5 Т0М=0 : МЕАМ- 

йде INFUT "HOW MANY RANDOM NUMBERS DO YOU NEED"; UFLM 
eae INPUT "SEED"; SEED 

EUM SEED=INT (ABS (SEED) )- 

2029 FOR T=4 TO SEED 

οἱ} Y=RND (1) 

2040 NEXT I 

2045 01=45:02=78:CLS 

J050 FOR Isi TO UFLM 

060 RAD=INT(CRND(1) *A2 (OFAIRS) ) 

ο IF @1=45 THEN FRINT"RANDOM NO. "3; TAB(18) s "CORRESPONDING 
απ 19 " 

24380 GOSUE 2200 

2090 ΕΕΙΝΤΙ". ''; 

2100 FRINT@O1,RAD; 

5110 PRINT@GOS, CAT 

2120 SCAT=SCAT+H+CAT : S2CAT=S2CAT+CAT "2 

2125 QOlizQi-20:02-02-40 

2130 FOR تم‎ TO “20: NEXT Е 

5140 IF O12°270 THEN CLS: 01-45: 02=70 

ӘШІМ NEXT I 

οἱ ο MEAN=SCAT/UFLM 


2170 
2180 
2190 
2208 
2210 
зава 
2485 
2490 
2500 
2510 


TIES AF 
να ο.) ᾱ-, 


200750) 


STDV=SOR ( (UP LM#S2CAT-SCAT™2) / (UPFLM* (UP LM-1))) 
FRINT"SUMMARY STATISTICS FOR THIS SAMPLE: " 
FRINT"SAMFLE MEAN="; MEAN 
ο ΤΠ SID. UDEV (SSN SID 
RETURN 
! Yee de 3€ € 4€ 3€ Je خو‎ 26 FE 9e de JC Je je Je qe de de 3e 90 96 JE KE YE KE 96 6 39€ 36 96 κ.κ. κ. 
"SELECTION OF OUTCOME 
* و چن‎ € JC یو 3€ 3€ چو‎ 9€ 9€ 36 36 3e جد‎ 9€ 9€ 3€ € 9€ 96 9€ 0 3C E 96 € 3€ 3€ 39€ 96 2€ 96 960 3 3€ 
FOR J=1 TO OFAIRS 

IF RADZAS (JI) THEN CAT=A1 (J) :RETURMN 
NEXT J 
END 


zu Í 


2970 کے م‎ сасыса саса Е ас ша за 

209765; = ЕЕЕ کک کے کے‎ IEEE Lg 322222222 

MOG '3 3 3 33 3€ 3€ € € € 3€ 3€ 3€ 3€ 3€ € 9€ 3€ 3€ 4€ € 9€ € 3€ 9€ 3€ 9€ 3€ 39€ 3€ 9€ 3€ 9€ € € 9€ 3€ 3€ 

2985 ‘DATA INFUT/ODUTFUT ROUTINE FOR AN EXPONENTIAL RANDOM 
SAMPLE 

2900 'd««x33 3 3 € C € X X € * € € JC ЕЕЕ * 

000 CLS:FRINT"*##*#***#RANDOM SAàMPLE - EXFONENTIGAL3]""' 


5010 


EXPONENTIALLY DISTRIBUTES 


THE 

5020 
2020 
A 
2040 
045 
БЕ А 
2050 
SS 
2050 
A70 
2080 
δω 


3870 


PRINT"THIS PROGRAM IS DESIGNED TO GENERATE ۵ SERIES OF 

RANDOM NUMBERS AND COMPUTES 
ASSOCIATED SUMMARY STATISTICS! ":FRINT 

INPUT "FUSH ENTER TO CONTINUE" ; Ὁ 

CLS: CLEAR: DEFSNG A-Z:ON ERROR GOTO 22002 

INFUT "INFUT MU (mean? "3 MEAN 

INFUT "HOW MANY RANDOM NUMBERS DO YOU NEED";LNUM 

IF LNUMS2 OR ABS CINT(LNUM))<3LNUM THEN PRINT"VALUE MUST 

FOSITIVE INTEGER += 2":GOTO 06 

INFUT “INPUT SEED"; SEED 

SEED=ABS (INT (SEED) ) 

GOÜSUB 09 

FRINT"SUMMARY STATISTICS FOR THIS SAMPLE: " 

FRINT"MEAN=" ; MEAN 

FRINT"STD.DEV (s=s)=";STDV:FRINT 


INPUT "SELECT: 1-—-MENUS 2 pio re xP hii In Sab IE E 


5-ЕХІТ"0 


2092 
3509646 
3097 
3098 
ΠΣ 
2100 
2110 
2120 
5150 
5140 
2145 
5120 
3160 
5170 
2180 
2190 
222400 
πο 
Auc 


Ac 
° ο’ ° 
το + سا‎ 


MEAN= 


3240 
1970 
2975 
5980 


985 


ON @ GOTO 500, 2020,00 
END 
Зее و جد د‎ ЕЕ ы 
‘RANDOM NUMBER GENERATION AND SUMMARY STATISTICS 
ee ee ee ee ee 36 ЗЕ 
ЕОЕ στο τι 07 
Y=RND C1) 
NEXT I 
CLSOsFRINTTABR(C14) : "RANDOM МОМБЕК" 
FOR I-1 TO LNUM 
MARE =MARE +1 
IF MARE =7 THEN CLS:MARKE=1:sFRINTTAB(C14) 3 "RANDOM NUMBER" 
RAD=RND (1) 
RILAD=INT (-MEGQAN#LOG CRAD) ) 
ASGUM-XSUM-- FE 18D: X2SUM-X2SUM-RIA6D^z 
PRINTI CGR (14) 3 I1". "RIADA 
FOR кел TÜ 150: EXT E 
MEXT I 
PRINT “GENERATION ЕГЕТЕ 


XSUM/LNUM: STDV=SOQR ( (LNUM* X ZSUM-XSUM 2) / МОМ CLNUM-—1) >) 
RETURN 


7 — مسج‎ сл сз —— می ج دست ممه‎ — -— s dune s -— m ' — — —— сс 520% Ф4ышы — Sih عستا یی مہ‎ Gti + J - s سس سمه‎ SOD 
سے کے ست سیت‎ s. S + ss s s Q “s mmm Q j Qm s نسم‎ s. Qm — - s + کیت‎ m mm s sm +s EMEND COMEND sm +s “mam m Qm í s cocum 
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ЖЕК ЕКЕ ЖЕК 
“рата INFUT/OUTFUT FOR A NORMALLY DISTRIBUTED FANDOM 


eim my 


LE ..‏ 
صما مدال ص مشه 


SAMPLE 


5990 
4000 
4810 


NORMALLY DISTRIBUTED RANDOM 
ASSOCIATED 


4020 
40:50 
40-23 
4040 
4020 
4092 
2060 
2070 
4090 
4100 
4110 
4120 
41.50 


' e Je 4 Je € J € ЭЕ ЭЕ ЭЕ Je e 3e € Je € J€ € J€ € ېډ‎ Je JE J€ Je e € Je J€ JE € Je % 9E 3C E 3E € 
CLS:FRINT'3a3o3sexxxmaNDOM SAMPLE - NORMAL soa» 
Awe! TAIS FROGRAM IS DESIGNED TO GENERATE A SERIES OF 
NUMBERS AND TO COMFUTE THE 
SUMMARY STATISTICS! ":FRINT 
INFUT "FUSH ENTER TO CONTINUE": Q 
CLS:CLEAR: DEFSNG А-2: ОМ ERROR GOTO 
INFUT "INFUT THE MU (mean? '"; MEAN 
INFUT "INPUT THE STAND. DEV."3;5STDYV 
INFUT “HOW MANY RANDOM SAMPLES DO YOU NEED";LNUM 
IF LNUM<2 OR ABS CINT (LNUM) )<SLNUM THEN GOTO 490592 
INPUT "INPUT SEED (for random sample)"; SEED 
SEED=INT CABS (SEED) ) 

HOSUR 4209 

ο ο σας SUMMARY STATISTICS FOR This SAMFLE:* 
FRINT'"SAMFLE MEAN (Xbar>)="s XMEAN 

FRINT' SAMPLE STDV(s)=";3ASTDV:FRINT 

ΠΤ SELECT: TNE АЕ -ViORE WERMALLY DIST. 


2000 


SAMPLES; 


S-EXIT"3@ 


4140 
41%0 
4180 
4185 
4190 
4200 
4210 
4220 
4230 
424 
4250 
4280 
4270 
4280 
4290 
4320 
4510 
4320 
4220 
4540 
4550 
XMEA 


ON Q GOTO 500,40:0,60й 
END 
΄ Je 9e dC de Je Je HE e FE e 30 € 3€ JC JC 9e A6 € Je ὃν Je e 3€ 90 € 9€ 9€ Je E E HE FE ККЕ 
“RANDOM NUMBER GENERATION AND SUMMARY STATISTICS 
! K 3€ 3€ 4€ 3€ 3€ 3€ 3€ 3e 3€ Je X 3C 4€ € € 3€ Je HE E E E 9C 3€ € 9E E 9€ نو‎ 9€ 9€ de 36 9€ HC XE € 3€ E 
pus το το SEED 
Y=RND 1? 
HEAT I 
CLS:FPRINTTAB(14); "RANDOM NUMBER" 
ЕОК Ісі ТО LNUM 
МЕӘКЕ-МЕАКЕІ1 
IF MARK 6 THEN CLS:MARE=1: 
LIt=RND (1) sU2=RND (1) 
RAD=SOR (-2*LO0G (UL?) СО (283. 14159255 48U2) #STDV+MEAN 
XSUM=X SUM+RAD 
ASSUM=KSSUM+RAD"S 
БЕ Το ТУ Ге” "кар 
РОК Е=1 ТО 1250: МЕХТ FE 
NEAL 1 
FRINT'S RANDOM NUMBER GENERATION COMFLETE'" 


PRINTTAB (14); "RANDOM NUMBER" 


=KASUM/LNUM: ASTDV=SOR ( (LNUM#X2S5UM—-XSUM"2) / CLINUM* CLANUM-1) >) 


4260 
4370 
4970 
4975 
4930 
4985 


FOR I-1 TO SOO:NEXT I 

RETURN 

RHEE HI EEE JE JE E E E ΔΕ ΧΕ HE KE E HE E E JE ας E E JE KE HE FE HF JF Fe Е ЗЕ ЗЕ 

"DATA INFUT/OUTFUT FOR A UNIFORMLY DISTRIBUTED RANDOM 


SAMPLE 


4990 
2000 
5010 


Oe de Ke X OC Je Me JC Je e e Ie Je Me JC Je C JE I E IE HE EXE IE IE ICE IE IEEE EE E E 
CL S: PRINT "33x EAONDOM. SAMPLE ~ UNI F OFM 3e 4 3e 3¢ 3€ 3¢ 3¢ 3 " 
FRINT"THIS FROGRAM 15 DESIGNED TO GENERATE A SEIS 


UNIFORMLY DISTRIBUTED RANDOM NUMBERS AND TO COMPUTE THE 


ASSOCIATED SUMMARY STATISTICS. !":PRINT 

5020 INFUT "PUSH ENTER TO CONTINUE"; @ 

2330 CLS: CLEAR: DEFSNG A-Z:ON ERROR GOTO 0 

5040 INFUT "INPUT THE DESIRED UPPER LIMIT(>=@) ":;UFLM 
SüSQ INPLUT "INFUT THE DESIRED LOWER LIMIT (?=@)";LLM 

5055 IF UPLM<LLM OR UPLM*LLM<@ THEN PRINT" YOUR LIMIT VALUES 
ARE IN THE WRONG ORDER OR ARE NEGATIVE: TRY AGAIN! ": GOTO 
5040 

S240 INPUT “HOW MANY RANDOM LABELS (Numbers) DO YOU 
NEED" ; LNUM 

5070 IF INT (AES (LNUMD ) £ #LNUM OR LNUM2 THEN GOTO 5060 
ΞΩΒΟ INFUT "INPUT THE SEED"; SEED 

5090 SEED=INT (AES (SEED) ) 

5100 660508 0 


2110 
wld 
2130 


2140 


ELSY PRINT SUMMARY ӘЛЕ ТЕПТЕ EUR THIS εις 
FRINT'SAMFPLE MEAN (Xbar) ="; MEAN 

PRINT"SAMFLE STDV.(s) =",STDV: FRINT 

INFUT “INPUT: Ι-ΜΕΝΗΣ 2-MORE UNTFORM RANDOM ÚP EER D 


3-EXIT'";G 


21050 
91650 
2180 
32182 
2190 
200 
ΤῸ 


ΓΑ ΓΩ 
شم شه له‎ 


S220 
5240 
5250 
5260 
5278 
5280 
5290 
5300 
5210 
Sz 
S340 
S50 
55۸ 

5 
5380 


ON @ GOTO 500,5030, 400 
END 

“3 EE EE ЕЕЕ ж 
‘RANDOM NUMBER GENERATION AND SUMMARY STATISTICS 
ЕЕЕ HK HI Je 96 36 9€ 3 9€ 3€ 
FOR I=1 TO SEED 

Y=RND (1) 
NEXT I 
CLS:FRINTTAB(14) 3: "RANDOM NUMBER" 
FOR I=1 TO NUM 

MARE =MARE+1 

IF MARK?6 THEN CLS:FRINTTABR(14)3 "RANDOM NUMBER": MARK=i 
RAD=INT (RIND (1) * CUPLM-LLM+1)>4+LLM 

XSUM=xX SUM+RAD 

X2S8LIM-X2SUN-RAD^2 

FRINTTAE (13? $I; "2: КАр 

FOR Ez1 TO 150:NEXT K 
NEXT I 
PRINT"RANDOM NUMBER GENERATION COMPLETE! " 
MEAN=XSUM/LNUM 
STDV-SGR C LNUMAX X 2SUPM- XSLIM^ Z) / (CLINUMS (LNLIM- 1) )) 
FOR Kz1 TO SOO:NEXT К 
RETURN 


Τη τ᾽ ----ΓπΠπτΌ:π--Ξ--:ΣΣΣ ΙΙ e 
1 2 
21 sn 
اد‎ ш чт 
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! ede Ke e Je de X C M X 6 Je ede Je 3 4e ede ded Y X Y Je E E E HE E e Je e e e 
‘ERROR TRAP 


224 


ΝΙΝ. ΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣΣ 
000 FRINT ERROR 3ERRs "IN LINE: “ERL" 

22010 FRINT"CONSULT OFERATORS MANUAL" 

22020 END 


“Ἢ‏ دی 


ыкымы 


ο ΤΕ Πορ E D. 

1 “DATE: 30 AFR 35 

2 'PURFOSE: THIS PROGRAM IS DESIGNED TO ASSIS Ἱπε πο. 
IN WORKING WITH FROBABILITY AFPLICATIONS OF THE; BINOMIAL; 
СЕОМЕТКІС; POISSON; AND THE EXPONENTIAL DISTRIBUTIONS. 


4 ‘A SEPARATE GROUF GF SUBROUTINES IS DEFINED FOR EACH OF 
THE ABOVE AFFLICATIONS. 


e 4 


b ‘SIGNIFICANT SUBROUTINES WHICH ARE USED JOINTLY BY ALL THE 
ABOVE APPLICATIONS INCLUDE: 

7 ‘A FACTORIAL CALCULATION ROUTINE, WHICH CAN WORK 
INDEFENDENTLY OR IN CONJUNCTION WITH ANOTHER COMMON ROUTINE 
WHICH CALCULATES COMBINATIONS. 

a 

11 ‘INPUT VARIABLES 

12 ‘BOUNDARY=BOUNDARY VALUE 

13 ‘K1/K2=LOWER/UPPER BOUNDARY (EXPONENTIAL AFPLICATION) 
14 ‘LAMEDA=Lambda 

15 ‘MEAN=MEANF OF DATA SET 

iS 'NTRIALS-NUMBER OF TRIALS 

17 'OFERSZOÜFERATOR (=, €, >, £, =>, <=) 

18 ‘FROB=FROBABILITY 

19 'QsMULTIPFURPOSE FLOW CONTROL VARIABLE 

20 ' 

21 'DOUTFLIT VARIABLES 

22 ‘ANS=DISCRETE ANSWER 

23 'FANSsFINAL ANSWER (POISSON APPLICATION) 

24 'SANS-SUM OF DISCRETE ANSWERS 

25 ‘SCANS=ROUNDED VALUE FOR SANS 

24 ‘TNS=ROUNDED VALUE FOR ANS 

27 ' 

28 ‘INTERNAL VARIABLES 

29 ‘ALNS=DISCRETE ANSWER AT LOWER BOUND 

3@ ‘@2NS=DISCRETE ANSWER AT UFFER BOUND 

31 ‘'CMEH#=SOLUTION TO COMBINATION CALCULATION 
32 'K/I - LOOF INDEX 

33 ‘LLIMIT/UPLIMIT = UFPER AND LOWER LIMITS 

34 'R/X = SUBSTITUTE VARIABLES FOR LOOF INDICIES 
35 ‘WROUNDARY=SUBSTITUTE VARIABLE FOR BOUNDARY 
πώ ' 

AG “жы ыы 
аач ‘TOTAL PROGRAM MENU SELECTION 

FİD /' 63€ 3 FE 4c dede X e Xe 3e 4€ 34€ Je 3€ E KE FE 396 9 JE C XC e CR OR i REE RR 
S00 ON ERROR GOTO 22000 

510 CLS:FRINTTAB (18); "MENU" 

S20 PRINT'1-BINOMIAL DISTRIBUTION" 

530 PRINT"2-GEOMETRIC DISTRIBUTION" 

S4Q FRINT'S-POISSON DISTRIBUTION" 

SS@ PRINT'4-EXFONENTIAL DISTRIBUTION" 


fou PRINT" S-EXAIT* Ss FRINT 

G70 INFUT "SELECTION"; Q 

=8@ ON Q GOTO воо, 289006 , 72000 , 489090 , 06 

370 END 

600 MENU 

== 
ΙΙΙ. TSS SKS SS <== S> > 
780 ° HI HF EE E HC кк 3 9€ 9€ 90 9€ 36 3€ € 3€ 
785 ‘BINOMIAL DIST. MAIN FROGRAM 

790 “INCLUDES DATA INFUT/OUTPUT 

ZOG E E E E E E E E E E HE E ¥ E E ы KE 
800 CLOS: PRINT'33xdxx x *BINOMIOL DISTRIBUTIGON333 39 xxx 


B10 PRINT’METHOD: SINCE THE BINOMIAL DIST. IS DISCRETE, 
THE PROBABILITY BETWEEN TWO FOL CNTS IS MERELY THE SUM OF 
THE PROBABILITIES OF EACH OF THE INDIVIDUAL INTERIOR 
MINTS." 


B ØO T INFUT “FUSH ENTER TO CONTINUE! ";0 

SOP CLS:FPRINT"METHOD (continued) THIS FROGRAM 

CALCULATES AND DISFLAYS THE FROBRARILITY OF EACH ΟΕ ΤΗΕ 
INDIVIDUAL FOINTS AND THEN SUMS THESE VALUES TO OBTAIN A 
FINAL SOLUTION, ” 

840 PRINT" (USE TABLE V TO SPEED YOUR CALCULATIONS)" 

SSB INFUT“FUSH ENTER TO CONTINUE ! “"; & 

πό CLS:CLEAR: DEFSNG A-Z:0N ERROR GOTO 22000 

eee RINT STE 15 DETERMINE FROM THE FROBLEM THE NUMBER OF 
REQUIRED TRIALS (sample size). "sFRINT 

870 INFUT "INFUT THE NUMBER OF TRIALS (N) "sNTRIALS: N=NTRIALS 
888 CLS:FRINT"STEF 2. DETERMINE THE FROBABILITY OF A SINGLE 
OCCURRENCE. (almost always clearly stated in the 

problem) ":FPRINT 

agg INFUT "INPUT FROBARILITY ‘(in decimal form)"; PROB 

С ОТЕ FROR 21 OR FROHSO THEN GOTO 890 

ORL L LS:FRINT STEF &. DETERMINE THE BOUNDARY VALUE. SED 
hoplifters 3 will get caught: less than 3: 3 or more... 

In each case z is the BOUNDARY VOLUE'.2":PRINT 

910 INFUT "INPUT THE BOUNDARY VALUE": BOUNDARY 

915 IF ABS CINT (BOUNDARY) )<>BOQUNDARY THEN FRINT"' BOUNDARY MUST 
ЙГЕ ЕПСІТІУЕ INTEGER! "GOTO 910 | 

916 IF RBOUNDARYINTRIALS THEN ERROR ø 

ο ου or RINT STEP 4. DETERMINE THE IF THE FROGLEM CALLUS 
FOR A PROBABILITY «=, >, =, сл, or == THE BOUNDARY 
TALIE. ": PRINT 

С ОУ ИЧЕШ "ІМРИТ ІНЕ PROPER OPERATORGOES, 23,3, =, 2=) "¢; ODFERE 


ΙΕ OFERES ΞΡ AND OFPERS< 2". AND QFER$« p" =" AND 
OPER#< "=<" AND OFPERBA 2" 3" AND OFERE 5" у=" AND OPER Sm" 
ШЕШЕГІ GOTO 759 

940 IF OPERS="=" THEN LLIMITSBOUNDARY: UFL IMITSEQUNDAFR Y 
ESI ΕΠ THEN CLIMIT=SBROUNDARY+1:UFLIMITSNTRIALS 
964 IF OFERS="<" THEN LLIMIT=0:UFLIMIT=BOUNDARY—-1 

37100 IF ORPERS="s=" OR OF ERS="=2" THEN 


д 


LLIMIT=BOUNDRAY: UPLIMIT=NTRIALS 


980 IF OFERS="<=" 


OR OFERS="=<." THEN 


LLIMIT=@: UPLIMI T=BOUNDARY 
990 (GOSUBRB 1100 


1000 FRINT"THE ANSWER IS THE SUM OF THE INDIVIDUAL 
FROEBABILITIES- IN THIS CASE THIS =" 

1010 FRINTSANS; "OR ROUNDED OFF TO";S2ANS:FRINT 
10224 INPUT "SELECT: 1-MENUs 2-FOR MORE BINOMIAL 
FRORLEMS: SEALT 

19209 ON @ GOTO 200,860,600 

1040 END 

1089) '«3 3 303€ 3€ € € € € € 3c 3€ 9€ E € € € € J€ E JC 0E 3C HC € J€ J€ Je 9e € 9€ C C 9C Je E € 
1095 ‘BINOMIAL CALCULATION 

1090 “Хх ХЕ ЕЕЕ E f E e E E E E JE HE ke E E HK E E 
1100 FOR K=LLIMIT TO UFLIMIT 

1110  R-kK 

1120  GOSUB 141400 

1120 — QNS-CMBHEXFROB^E*CI-FROR)^"X(MTRIALS-E) 

1140 SANS=SANS+ANS 

1145 TNS=INT (1@Q9@*ANS+. 3) /1G06 

1150 IF FROB=.05 OR FROB=.1 OR FPROR=.2 OR PROB=. 3 OR 
FROB=.4 OR FPROB=.5 OF FROB=.6 OR FPROBR=.7 OR PROB=.8 OF 
FROB=.9 OR FROB=.95 AND NTRIAL#Z16 THEM GOSLUBR 1500 
1160 PRINT"FOR Ee" st se “THE EINS FEUE. SS INSET OE 
С-1Т060200:МЕХТОЫ 

1155 S2ANS=S2ANS+TNS 

tios P SCANS THEN ЕБ لل‎ 

1157 IF TNS=@ AND ZFLAG#="SET" THEN GOTO 1186 
1170 NEXT К 

1180 CLS:FPRINT"CALCULATION OF THE INDIVIDUAL BINCGHMIGAL 
FROBARILITIES IS CONFERITE ЕЕ 

1200 RETURN 

1480  ' ¥ HH 64e eE Je 3€ Y Ye EC 6C € X € Je 36 90 36 3€ e e 6 e € 3X 
1485 STUDENT INFUT VALUE COMPARISON ROUTINE 

1456 33€ 4 4€ 3€ € 4 X XX KE E CX JC CC KHER AC Je e Xe E EC RI HEH 
1500 CLS:FRINT" INFOT THE BINOMIAL FRORABRICIITY FOR 


N="sNTRG@ILs "sk (or 
OF": PROB: PRINT 


X=" KEI" WITH AN INDIVIDUAL FROBARILITY 
"(осе table V or formula- 4)" 


i210 INFUT TFROB 

1226 CLSs TF TRRGB*-TNS THEN FRIN TEIWRONG ELSE Fein 
ΠΕΤΕΡ 

1540 ΠΕΤΩΠΝ 

2070 í ============= W es ee сы шш 

2950 ἵνα ος ας X Xx dX Xx 4-3 3 4€ 4 YX€ ККЖ жж 

27900 «ТЕШЕ ON Το ΤΟ ظ‎ ٧٣ 15۹۹١٣١٢ ١ ٢1 

290) “кке IE IEE EE E E E E E ER E € JC 96 9 E E JE X 3€ 

20900 CL Ss:PFPRINT'3s3x3****xP)ISS0N DISTRIBUTION Re He eR RH" 
Anio PKINT'THESEOISOUN ΙΡ αι. Ὀ. 


ESTIMATE BINOMIAL FROBABILITIES 


WHEN THE NUMBER OF TRIALS 


(sample size) (N) IS LARGE AND THE FROBABILITY OF A SINGLE 
BECURRENCE (FO 1S SMALL." 

5020 ІМРОТ "FUSH ENTER TO CONTINUE"; Q 

БЕ CLS TINT MORE FREQUENTLY, Tae POISSON DIST. IS USED 
TO OBTAIN FROBABILITY VALUES FOR RARE EVENTS OVER A РЕКТОР 
CIES TIME." 


2444 PRINT"METHOD: SINCE THE FOISSON DIST. IS DISCRETE, 
THE FROBABRILITY BETWEEN TWO тм ГЕ MERELY TITHE SUM OF 
THE FRORABILITIES OF EACH OF THE INTERIOR 

ΟΕ Μις 


2954 INPUT "FUSH ENTER TO CONTINUE"; @ 

2060 CLS:FRINT"METHOD (continued): THIS FROGRAM 

CALCULATES AND DISFLAYS THE FROR. OF EACH OF THE NER 
POINTS, THEN SUMS THESE VALUES TO OBTAIN A SOLUTION. 

24070 PRINT" (THE CALCULATIONS MAKE USE OF FORMULA-8) " 

ЛИУ жазз ЭЗЕ ЗЕ ЗЕ Ж HE E 36 E HE € - 3€ 369€ Y 9C 9€ 0€ 9 E 

24735 DATA INFUT/OUTFUT 

277 KO E HH E e he E ЕКЕ кек 

2090 CLEAR: DEFSNG A-Z:0N ERROR GOTO 22004 


5490 ІМРПТ "INPUT: 1-TO ESTIMATE BINOMIAL FROK.: EE 
OTHER FOISSUN AFFLICATIONS";0 
1109 ІБ 05451 AND 0< 52 THEN GOTO 5090 


IO IF 0= 1 THEN SGOSUE 7500 ELSE GOSUR 5550 

CTO U SSERINT ΞΤΕΕ 2. DETERMINE THE BOUNDARY VALUE. 

τ: ..4. What is the probability of receiving more than 
4 bad checks in a day. In this case the BOUNDARY VALUE = 
Soe FRINT 

S120 INFUT "INFUT THE BOUNDARY VALUE CE) "ss BOUNDARY 

3140 IF BOUNDARY «0Ο THEN FRINT' BOUNDARY MUST BE 50": СОТО 
5150 | 

КОЛ С©$:РКТЫМТ"СТЕРКР =. DETERMINE ΙΕ ΤΗΕ FROBLEM CALLS FOR A 
FROBABILITY =, <=, =, £-,0r == THE BOUNDARY VALUE, "SFRINT 
eed) INPUT "INPUT ۸1 ۴ 7٤٤٣٢ OPERATOR (ys. 07m, «m, em) "SÜPERE 
IF DOFEF#< >"="u ND OFERS«C-"«S" AND OFERES 2"2" AND 
ERA UII AND OFERE + te" AND ОРЕКЕ ST = AND UEERE Um mh 
ШЕКЕМ PRINT REENTER OPERATOR! ":GOTO 5161 

ШОЙ CLS:GOSUB 5600 

eee iF ОРЕНКЗ--"»" ОК ΠΕΕΕΠΡ з=" OR ОРЕКЖ= "=>" THEN PRINT "TO 
ORTAIN THE ANSWER SUBTRACT FC" sk—-13")="s SANS: "FROM 

ONE" :FANS=1-SANS ELSE FANS=SANS 

See PRINT @ THE PROBABILITY FOR Е: “ОРЕКЕ: ROLINDARY;: "IS 

e's FANS 

3210 FOR O=17TO1 SHG: NEXTO 

1 i l  Ξ͵-; ΕΝ; ἘΠΠΕΕΕ ΕΠΙΞΞΩΝ ΕΡΠΕΙ ΕΠΘ 
coin. | نايپ‎ 

5220 ОЧ ο GOTO 500, 2080, 200 

2240 END 

ee oe oo ee ee ee oh ee ee ee ee a 

2485 “ADDITIONAL DATA INFUT FOR BINOMIAL ESTIMATION 

400 HERE K X C X de Xe dc Xx de e X eJ 6e Xe de Xx Xe coc db e e ede e 


229 


2900 CLS: FRINT"STEF 1١ DETERMINE FROM ΙΕ ΓΕΓΤΕΎΠΜΠΝΝΙΙ. 
NUMBER OF REQUIRED TRIALS (sample size).":FRINT 

3510 ІМЕМТ "INFUT THE NUMBER OF TRIALS (М) ': ۱١٩۱۱۳٣١١۸ ت5‎ 

2520 IF ABSCINT(NTRIALS) )«< >NTRIALS THEN PRINT'MUST BE AN 
INTEGER VALUE στα Б 

soo8 CLS:FPRINT "STEP lta. DETERMINE THe FRORARICITY OE DT 
SINGLE OCCURRENCE Taa ЕЯ И 

5555 ІМЕПТ "INFUT PRORARILITYCOYn decimal form)" РЕВЕ 

4а ІРЕ РКОЕ>1 OR FROE<@ THEN ΘΟΤΟΞΞΞ5 

545 LAMBDA=NTRIALS*P ROE: RETURN 

TFAG 'Ge4 X Cy X ЗЕ ЗЕ ЗЕ ЗЕ ЭЕ E ЭЕ ЗЕ ЗЕ ЭЕ e d JC 3€ € € X 4€ 4& E HE *- 3€ X€ € € 4€ € € 36 

547 “LAMEDA INPUT | 

GUB “ 333 3 e e E Je Je e de Je е екы 

5m50 CLS:FRINT"STEF 1. DETERMINE THE VALUE OF LAMBDA: (This 
value may be clearly stated in the problem or you may have 
to derive it.) (Remember:LAMBDA=RATE*TIME)D (Units of measure 
must be the same) ":FRINT 

5560 INFUT "“INFUT LAMBDA" s_ LAMBDA 

coru Eq ٢۱ 

πων... ықы кек 

25985 “POISSON CALCULATIONS 

ло “ХХХ EEE e e X C 36 3e 3C JC 9€ 36 96 3€ 96 3€ 96 96 3e e 96 36 3€ 9e JC E 3e C ЗЕ 

1600 IF OFEREX-z'"-'"THENM LLIMITZEQUNMDOARY:UFLIMIT-ZREOLNDAEY 
52610 IF OFPERST-".Z"UPMENERINT"PBETZIBSTPSSUPPULE UE ΠῚ 
SUBTRACT THIS FROM ONE TO OBTAIN 

Qs) C) b's LLIMIT=0: UPLIMI T=BOUNDARY 

πως IF OFER¢="s=" OR OFERE="=S' THEN FRINT IFIRST СЕИ 
Fick—-1) (<=) AND SUBTRACT IT ΕΠΟΜ ΟΗΕ TO OBTAIN OES] Ы 
LLIMIT=@: UPFLIMIT=BOUNDARY—1 

2600 IF- OFER"; "THEM BEIM T=02 UPR hi f=BeUNDAR, at 

2640 IF OFER£$-2"z" OR ОРЕК = "==" THEN 
LLIMIT=4: UFLIMI T=BOUNDARY 

2645 FOR Е=119 120s NEAT E. 

2600 FOR τι ΙΤ το ΠῚ 

26450 “=k sGOSUR 14804 

35/0  ANS= (LAPDATK #EXF C-LAMDA) ) УФ 

бей SANS=ANS+SANS 

26970 РКІМТ"Ез": ЕЕ" ҒЖ(КУ-" АМЕЗБКОКТО- ТТС МЕР 75 

3704 МЕХТ Е, 

cO iJ 

ӘЛ” Se ee a a a a es ee 

S775 7° SS SS eS ee ee s خا کر کد‎ 

780 RE KE EE HE E HE E He e dede Xe ede X Mg X Xe Xe e dX dee e ge e 6 de de Ke ee eX 

2/30 ТМТБЕПИОЕТЕЦМРРР ТИМЕР СЕРЛЕ БЕТЕР 

А/9й ! cede dj-C Ye € ae 3e de de6 de de de E 3e 3€ Je 30 90 Me e Je He e OR C6 J€ KER HEE RE EK E HH 

2300 [CL Os:PIRNINTI"Ss33x x3 xc ]PETRIGSDISVPESCPESIDUDECX CIERRE xx 
5210 РБКІМІ"ТНЕ БЕП. DIST. CAN BE USED TO DETERMINE Tr ЕЕЕ 
OF: ORTAINING A DESIRED RESULT UN TE ECE τι τ;., eee 
DESIRED RESULT UCCURRING WITHIN TC КШ КЕРЕ ШЕ ЕРТЕ 
МОКЕ THAN FE NUMBER OF TRIALS GRE NEEDED TÜ ОЕА Vite 


2360 


RESULT οί)... 

SS20 INPUT “PUSH ENTER TO CONTINUE”: 0 

КООШ ιο ΙΕ METHOD: WHILE THE DEO. DIST. IS DISCRETE, THE 
[OS PROBABILITY VALUES CAN BE CALCULATED DIRECTLY USING 
THE FOLLOWING FORMULAS. (Derived from page 218)" 

1940 РКІМТ"+ (К) = p(i-p)^(K-1) (Formula-Z2)" 

Seer RINT MPR d= f= (i-p) E (Formula-4) " 

Meow PRINT OCR I= (1-р) Е reliability» (Formula-7)5" 

3870 INFUT "FUSH ENTER TO CONTINUE": Ë) 

лана "ХЕ e E HK 

28383 “рата INFUT/QUTFUT 

А890 “ХХХ ЕКЕ KH 

2900 CLS:CLEAR: DEFSNG A-Z:0N ERROR GOTO 22000 


foe FRINT“STErF 1, DETERMINE THE FROBABILITY OF SUCCES. 
(Remember, ‘SUCCESS’ is defined in the context of a 


problem and may be the occurrence of a ‘bad’ event!) "sFRINT 
oe LET "ІМЕПСТ PROBABILITY (in decimal form)"; FROR 

КЕШІР le PRORS! OR FERORSO THEM PEINT"PROR. MUST BE A FOSITIVE 
ΠΠ VALUE BETWEEN O AND 1!":GOTD 3919 

ШЕП ГІГСІРКІМТ"5ТЕР 2, DETERMINE THE BOUNDARY VALUE. ЕСІР 
afore the Sth trial’... In each case the boundary value is 
eee ft PRINT 

5940 INPUT "“INFUT THE BOUNDARY 

VALUE Cz» " s ROLINDAORY s: WBOUNDARY-BOUNDARY 

27598 IF BOUNDARY «1 THEN FRINT' BOUNDARY VALUE MUST BE 

m1": GOTO 5940 

КЕСПЕ ЕЕБИРЕТИ ОТЕ 2. DETERMINE IF THE FROBLEM CALLS FOR A 
PROBABILITY =, وش ون‎ «=, OR >= THE BOUNDARY 

ШЕШЕ (с). SPRINT 

ЕШ Ντ τς FROFER ПРЕКАТОЕК (-,%,>, луға) "ІШРЕНКЕ 
3980 IF OFEREFE "= "АМ0 ОРЕКЕ 5" "АМЮ ОРЕКЕ "€=" AND 
ОРЕКЖ 5" = "АМО ОРЕК 2" ΑΝΟ ОРЕК 5 з= АМО OF ERS< e"=2" THEM 
Bee TRY AGAIN" s GOTO" 2970 

ЕГУ CLSsPRINT"STEF 4, "; 

4000 IF ОРЕКЖ-" >-" OR ORPERS="=2" THEN FRINT"SINCE THE 

Meer! OR IS "iOPERTS" YOU NEED TO CALCULATE 

Oc's ROUNDARY-13") dar OCF -1))"s WROUNDARY=BOUNDARY—-1:GOSUB 
4450 

ШИШ te OF ERS= 9s" THEN FRINT@SINEGE THE üPERATOR I9 "si OPER*:" 
YOU NEED TO CALCULATE @("; BOUNDARY:;")":GOSUB 4450 

4020 ІЕ OFPER#="<=" OR OPER#S="=<" THEM FRINT'SINCE THE 
WEERAGIOR IS “;OPERS;" YOU NEED TO CALCULATE 

PC's BOUNDARY: "?":GOSUB 450@ 

ου UD πο ο P PRINT SINGE THE GOFERATOR IS ";ОРЕКЖ;" 
Pee NEED TG CALCULATE FC": ROUNDARY~-1:") Cor 

P (E—1]) y's WROUMDARY=BOUNDARY-1:GOSUBR 4500 

ШОО ТЕ OPER = = THEN FRINT'SINCE THE OPERATOR IS ";0FER4;” 
КЕШ МЕЕ ТО CAakCULATE £("3 BOUNDARYS™) (or €¢(F))":GOSUR 4330 
ИЕСИ СЕЯТ ИЕН ТЕП ENTER FOR COMPUTER SOLUTION! ";0 

ο ο ο ο ΕΟΤ THE PROBABILITY FOR ES": OPFERST;WEBOLINDARY:;"IS 


=" 3 ANS: FRINT 


4070 


FROBLEMS; 


4089 
4090 
4420 
4435 
4440 
4450 
4500 
4550 
4770 
4775 
478 
4785 
4790 
4800 
4810 
-100 
4820 


PROBLEMS; 


28:50 
43414 
4980 
4985 
4992 
24200 
212 


FPRORABILIT = 
BETWEEN TWO GIVEN 


"El En ړل‎ 
ΕΤ] 5 
ON ü GOTO 500,:900,600 
END 
' ge3€ 3€ 363 τ: دا‎ 9€ 9€ 3€ 3€ 3e 9€ 9€ 9€ 3 39€ 9€ 9€ 9€ 9€ 9€ € 9€ 960 90 9€ 3€ 
‘GEOMETRIC CALCULATAIONS 
!o 3€ 3€ € 3€ 36 4€ 4€ 3e 9€ 3€ € 3€ 3€ 9€ 3€ 9€ 9€ 9e 96 3€ 3 3€ 9€ 9€ 9€ 90 9€ 9 9€ 9€ 9€ 9€ 9€ οκ. KE 06 3€ YE 
ANS=(1-F ROB) “WROUNDARY: RETURN 
ANS=1-(1-F ROB) “WROUNDARY : RETURN 
ANS=FROB* (1-F ROB) (WROUNDARY—-1) s RETURN 


(red ed cen مت یس‎ E مت‎ agent cn) Cre een Green татачка nd ed Sema ald меен Ged Fd ساس‎ αλ end le dl Gand меген Sd bend GN نس ټس‎ он лтан 
— — قصسا ناد‎ —- — —= — -— — — < GQ Ges eee Gers Gee — — = сгтуз с +з سسس وه وه پوس‎ + Í s cm s с фдышшэ (w + m coun 


INFUT i-MENU;s 2-MORE GEOMETRIE 


+ OM айны Ge Ge Ge سی‎ ee Gee GS Gee ee مس‎ eee چن ص‎ οι ee — s = s s < ФӘ ЫЫ ЕЕ 
O ors o iT — — — — — sm — m ری‎ 9 m Q G J s s < r * s Ñ “ ben sei Geers Gees PPS cuiu seems Gores Gees Gees من‎ ee 


! ye 3€ 3€ 3€ € 3€ 9€ X 3e 9€ 9€ 9€ ας 3€ 3€ 0€ 9€ 9€ 9€ 9€ 96 90 3€ 96 3€ 9€ € جوا چو‎ 9€ 9€ € € EX X 
"EXFONENTIAL DIST DRIVER 

! ye X 4€ 4€ € 3€ à 3€ 36 3€ 3€ 3 ЕЖ ЕЕ 

CLEAR: DEFSNG A-Z:0QN ERROR GOTO 22000:GOSUB 5000 

IF OPERS="B" ΠΕ GFERS="b" THEN GOSUB 5300 ELSE shea 
"SELECT A “MORE EXPONENTIAL 

5-ЕХІТ"0 

ON Q GOTO 500,4800,600 

END 

кк Кк 9€ 36€ 

‘PROBLEM SET-UF AND DATA INFUT 

΄ E E E FE FF FE 3c Je HE EE ыы же 

CLOS: PRINT'3aiex x *[ XFONENTIAÓL DISTRIBUTIONS #e*e eee" 
PRINT"STEF 1. DETERMINE IF THE PROBLEM ASKS FOR A 
OR = A GIVEN VALUE; OR FOR A FROBABILITY 
VALUES! 


INPUT I MENU, 


SA2A INMFLUT "INFUT Ç, =, OR E~(for between two given 
values)", 0FERE 

9030 ТЕ ОРЕК e's" AND ОРЕК 5" TAND OPERE: ۹٣٢٢ ٢٢٢ 
DÜFERSTS2"b" THEM CLSZFPRIMT"INFLT MUGT ERE A "ὑπ, 


AGAIN": GOTO 5020 


31440 
242502 
2060 


LLS FRIN" SIEPE e INEO ИЕ еса 
ЕТМЕ КЕМЕ ШЕЕ TLC AMDA=F O LC URETRA TE] 
FRINTTABCI@) s"MU=1/LAMDA (ar mean time to 


failure) ":FRINT 


3070 IMFUT MEAN 

agn CLOFRINT"STEP 3. DETERMINE THE BOUND Y VALUE (Or 
values tor the ‘between’ case).":FRINT 

209991 RETURN 

cC) A ° HE E FE E HF € dc 3e 3€ à 3e 4€ e JC HERE ERE HR 0 36 96 36 κ. EE EE 

095 “EXFONENTIAL CALCULATIONS AND OUTPUT (far оғ case) 
пЭ 'aex e de dede e 6 3€ 3e e Je 3 3€ O6 dC 9C CC 3€ 9e 36 36 H6 36 90 € 96 € ΣΣ ΣΣ ΣΠ. 

310 INFLT "INFLT THE BOUNDARY VALUE (E) ! " ; BOUNDARY 

2110 CLS:IPRERINT'"STEP 4. COMPUTE THE ΓΓΕΤ. (Uzima 
τοπ οσα ЕБ ١٢٢ 

2120 PRINT"REMEMBER: SINCE THE OPERATOR IS ":OPERS$s:" WE 


NEED TO COMPUTE: ” 

SIO IE οΕΕ ΕΡΕ Ες THEN PRINT "PC? ОК 

F": BOUNDARY; "0": ANS=1—-EXP (-BOUNDARY/MEAN) ELSE FRINT"OCE) 
OR @("s BOUNDARY: ") "s ANS=EXF (-BOUNDARY /MEAN) 

5140 INFUT "PUSH ENTER TO CONTINUE! ":0 

SA CCS: IF РЕБЕ ==“ ПНЕ PRINTF”: BOUNDARY:") ="SANS ELSE 
FRINT'"Q(C";BOLUNDARY;") ="sANS: PRINT 

5160 IF QFER$=">" THEN PRINT"NOTE: Given a failure rate, 
О(Е) із often described and the reliability (usually 
expressed as a 4)" :PRINT 

3170 RETURN 

480) د لد لد دد"‎ J X 3 - 4 € X 4€ 4 € X 4€ € d ΕΔΕΚ ΕΕΚ * هق‎ € 4 € XC 4 * زا‎ 

2485 'EXFQONENTIAL CALCULATIONS AND OUTPUT (for the between 
case) 

TSAI “' x 3 333 3 X Xx € 4€ € 4c 4€ € X c € 9 € € 6*9 € C € X *€ Ж 

500 ІМРОТ "INFUT THE LOWER BOUNDARY (F1)"skK1 

ο Να “INPUT THE UPPER BOUNDARY (K2) "sk2 

Pee Clo: PRINT STEP 4. COMPUTE FCI). (use 
P(xd=l-exp(-X/MU) "SPRINT" (remember Fil="sk1is ">" 

"40 àQ1NS521-EXFG-E1/MEOM) 

ENXSUUERINP'COMPUTER- SOLDUTIOM FOR P ("sÉE1s"”9) =" R 1NS:PRINT 
ο INPUT “FUSH ENTER 10 CONTINUE!" Ü 

ο ο ου NM е РЕТ" ЭТЕР С, СОЧКОТЕ P2)," PRINT 

337/0 Aa2NS-1-EXF-E2/MmMEGON) 

ШЫП ΠΡΙΝ COMPUTER SOLUTION FOR ۷٧۷ وت او")‎ "( ="sGenS: PRINT 
ESSSCOIMFUT "PUSH ENTER TO CONTINUE! ":0 

ED 5:PFYINT'"STEF б. SURTRACT PO:1) FROM Pt(D2) TO 

OBTAIN THE FROBABILITY BETWEEN ٢ AND F2."sFRINT 

ШЕН PRINT’ COMPUTER SOLUTION: " 

ο] PRINT ASNSs"-"sAINSs: "="sASNS-AILNS 

3620 RETUIXN 

=== === === = === === == === 


12980 εκ. ὃς ede ede deae e ee» X e o6 e X dee e δε. E X یو هف نف‎ e e e 
12935 “FACTORIAL CALCULATIONS 

129290  ' M dee e x ee € 3 e 4-4 de Mec e 6 4 9 96 6 40€ X لف‎ 4€ 06 9*4 X € 9 4€ Y 
14000 17 

14005 IF INT(X)<>X THEN ERROR ὁ}. 

14010 IF Х>4в8 ОК Х<0 THEM ERROR 62 

14915 IF Хш1 OR X=@ THEN Y#=1: RETURN 

mnn FOR І-АНЕ(Х)-1 ТО 2 STEFP-1 

140.0 YH=IT*Y# 

14040 МЕХТ I 

149350 RETURN 

13080 ° HH KRE Ke FE HE le E E E FE Ye 3 و جز‎ e E e E E KE E E وز‎ Ke de o6 ey eye e δὲ κ. x 
14085 ‘COMBINATIONS CALCULATIONS 

140490  'dd«dxde x34 gc c 4-4 gd d d» x ὁ ΚΠΕ ЭЕ К eX 
14100 N-HTRIALS:IF NZR THEM EREQR 445 

14110 IF N-R<R THEM R=N-R 

14120 J=N 


yr 
.. “. Ы 
۰ 


141.50 
14140 
14150 
14160 
14170 
14180 
14200 
14210 
14220 
142.20 
21980 
21995 
21990 
22000 
22010 
FOR 


22020 


TOO LARGE, AND 


22030 
YOUR 

22040 
220250 


220650 


IF R=@ THEN J=1:GOTO 14200 
IF R=1 THEN GOTO 14200 
FOR I=! TO RI 
М-М-1 
لت ل‎ #١ 
MEXT 1 
X=R 
GOSUR 14000 
CMB#=J /Y# 
RETURN 
ЖК УЕ ЭЕ ЭЕ УЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ 4% 
‘ERROR TRAP 
! e de Jc H6 Je ЕЕ J€ C 3C Je HC E CE ACE JC C JC Je Je Qe e e HE Je e ЭЕ ЭЕ je e 


IF ERR=60 THEN FRIMT"M MUST BE KR" 

IF ERR=61 THEN PRINT"FACTORIALS CAN ONLY BE COMFUTED 
INTEGER VALUES. " 

TF ERR=62 OR ERR=6 THEN FRINT"THE COMPUTED NUMBER IS 


GUT OF RANGE OF THis Ss Sle cen بل‎ 


IF ERR=11 THEN PRINT "DIVISION EYTZERO TERRORT اا‎ 


МЕ ЕРЕШЕ 


FRINT "ERROR"; ERR; "IN LINE"; ERL 
PRINT"CONSULT OFERATORS MANUAL!!!" 
END 


πῃ 
μένος 
tres “aoe! 


ITL E: MODULE 4 

“РАТЕ: 30 AFR 85 

ο δρ σα THIS FROGRAM IS DESIGNED TO ASSIST THE STUDENT 
IN LEARNING STANDARD FROBLEM SOLVING TECHNIQUES WHICH 5 БЕ 
APPLIED TO THE FOLLOWING TYFES OF STATISTICAL FROBLEMS 
'AFPLICATIONS OF THE CENTRAL LIMIT THEOREM. 

“APPLICATIONS OF THE NORMAL DISTRIBUTION. 


HJ кє © 


г 


си р 


“А SEPARATE GROUP OF SUBROUTINES IS DEFINED FOR EACH 
APPLICATION. 


“J 


8 “SIGNIFICANT SUBROUTINES WHICH ARE JOINTLY USED БҮ BOTH 
AFFLICATIONS INCLUDE: 

9 “A DATA TABLE ROUTINE WHICH PROVIDES STANDARD Z VALUES: 
AND A ROUTINE WHICH COMPARES A STUDENT'S INFUT FOR Z-VALUES 
TO THE DATA TABLE. 

ΤΗ َ 

11 ‘INFUT VARIABLES: 

12 ‘“OPFER#=OFERATOR (used in App. of Normal?) 

1:3 “PMEAN=FOPULATION MEAN 

14 “PROBVLUE=Z-ALFHA VALUE 

15 “O=USED TO SELECT PROGRAM FATH 

16 ‘“SANS=STUDENT ANSWER 

17 'SNLIM-SAMFLE SIZE 

18 'STDV-STIANDARD DEVIATION 

19 A-UIFFERENCE BETWEEN SAMPLE MEAN AND FOF. MEAN 7 LIMIT 
VALUE | 

КОШ ZSCRE=STUDENT GUESS FOR Z-SCORE 

ΗΝ 

22 'DUOUTPFUT VARIABLES 

“ANS=ANSWER‏ ے 

24 “TL=TABLE VALUE 

I 

26 + INTERNAL VARIABLES 

27 “FLAGE=FLOW CONTROL 

23 “PTRA=POINTER (Cin table) 

49 TABLES=DATA TABLE VALUES 

0 “TSVLUE=TABLE VALUE STRING 

αλ 'TY:W = INTERMEDIATE VALUES 

ad “XL: XU = SUBSTITUTE VARIABLES FOR ZVLUE 

EX Xr: YF - SUBSTITUTE VARIABLES FOR FRORBVLLE 

A4 “¢VLUE=Z-SCORE (computer generated) 


IS PFE ETE HEE IEE EEE IEE IEEE E X 3€ € XA € € 4C JC € 96 96 3€ JE HK FE f 
ой °“TOTAL FROGRAM MENU SELECTION 

QE, 'ae 4€ M 40 X CC 4 9€ 30 9€ پر‎ 3X JC Je C 9€) ЖҰ ы 
Ste CLosPRINTTABR CLS) “МЕМ” 

ELOT FRINI I- CENTRAL LIMIT THEOREM” 

129 FRINT"2S-APPLICATIONS OF THE NORMAL DISTO., 
ШРРРКІМТІІЗ-ЕХІТ" 


140 FRINT:FRINT 

150 INPUT SEL EG В 

160 ON Q GOTO 500,2500,180 

17@ END 

180 MENU 

47 { mm Cur ue ============w======— === == x= = == 

475 '=w====================================== 

3€ 9€ 9€ 0€ 9€ 9€ 3€ 9€ 9€ 3€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ 3€ 9€ 9€ 3€ € 9€ 9€ 9€ 9€ 3€ 9€ € 9€ 3€ 3€ 3€ د ددد دد" ABO‏ 

485 ‘C.L. THEOREM INITIALIZATION ROUTINE 

490 7 × د‎ %- 33% 5 IEE IEE EE ЕЕ 5555555 

“ZG CLEAR: GOSUBR 20000 

510 GOSUER 1000 

Je@ INPUT “SELECT? 1-MENUs 2-BIORE ,وا انا‎ ΓΙΝΕ; ΤΙ 
S20 ON © GOTO 100,500,182 

340 END 

OUO '3 333 cc ЕЖ 

985 ‘C.L. THEOREM MAIN ۲٠ 

لد درد دل د د 9€ 9€ 9€ 3€ 96 9€ 4€ 3 3€ ОО '3 3 3-3 x € 3€ 3€ 39 3- 3€ 3€ 3C € 3 3€ 3€ 3€ 9C‏ 

1000 CLS: PRINT'3sd43x3xxx0ENT«RaAL LIMIT THEORENM3 x33 cx" 
1010 FRINT THIS USE OF THE C.C: T: EUNERO ЕГЕ 
FROBABILITY OF THE DIFFERENCE BETWEEN THE SAMPLE MEAN AND 
THE FOPULATION MEAN BEING LESS THAN A GIVEN VALUE 'X'." 
10720 PRINT: INFUT “INPUT 1-710 CONTINUES TOU ОЕА لول‎ 

10725 IF ως τα THEN GOTO 100 

1020 СЕБЕБ ШИ ole لول‎ 

1040 PRINT “DETERMINE @THE DIFFERENCE НЕТ ЕЕ НЕ 
POPULATION MEAN AND THE SAMPLE MEAN TO EE TESTED. SEET 
1950 INPUT" INFUT THIS DIFFERENCE (xX) "sx 
1057 ٢ 5:2٣۷ ٢ ٢ 11٢1 το لک ک‎ ! 
107/0 FRINT" DETERMINE FROM THE FROREEM THET G N BE SIZE AND 
THE FOFULATIUN STANDERD DEV. ο τι ή 

IQS INPUTS INURL ΟΙ ς SIZE ΠΠ 

10825 IF ABSCINT (SNUM) )< >SNUM THEN FRINT"MUST BE  ΕΠΕΟΤΤ ӘЗ 
INTEGEFR! "; GOTD1080 

10835 INFUT "INFUT POPULATION SID. DEV S E 

1087 IF AES(STDVi< >STDV DR STDV=IA THEN FRIN MOSTRE 
POSITIVE! МС ШӘ ША ۰ 

1090 СЕБЕБИ ИИГЕ ЕК 

1100 PRINT"USING THE VALUES U КОТ БЕ ٢ ٢٢ ٢ 
SAMPLE SIZE, COMFOTE THET SEOS (STANDARD UNITS). 
(2—-SCORE = ZOO SID. LEV αυριο πι ο لل لل‎ 
Lii@ LVLUE=K/ (STDV/SOGAR (SHLIFMM) ) 

L120 INFUT “INFOT -SCOITE ЕРЕ 

11.9 CLS; IF ΔΕΞΙΖΞΕΡΕΞΕΤΠΕΤΕν. Т ТЕБЕ PERTANT ERNE ONG ЕЕЕ 
Πα ΤΗ πο τετ. 

1140 FRINT"USING" 

11530 PRINT XU: 

ll6g FRINT'SAMFLE SIZESUSShMDI 

1170 PRINT"PDP. SED. DEUM 

1180 PRINT“ THE )تر‎ eo Pues لل 7 1ل‎ АЕ 


Ч 
biae Pons! 


1190 ҒОК Ісі ТО 1600:МЕХТ I 

M Ug CLS:FRINMT"STEF 4." 

1210 PRINT WSE TABLE I TO FIND THE PROPER VALUE 
ASSOCIATED WITH A Z-SCORE=";3 ZVLUE:FRINT 

ШОП INPUT “INPUT THIS VALUE :PROBVLUE 

1230 GOSUB 15000:КЕМ ***RETRIEVE Z-ALFHA VALUE*** 

1240 FOR I-1 TO 800:МЕХТ I 

Nun CL9S:PMINT"STEF $5." 

1269 FRINT'"REMEMEBER, THE OBTAINED TABLE VALUE 
REPRESENTS THE (PROBABILITY) AREA BETWEEN 0 
AND": ZVLUE:". " 

1270 FRINT"IN ORDER TO ACCOUNT FOR THE AREA BETWEEN 

xe VUES AND O WE MUST MULTIPLY THE TABLE VALUE HY TWO," 
ESO ΝΟ "FUSH ENTER TO CONTINUE"; O 

BEEUSEESZERIME FROBVLUÜUE;"TIMES TWO IS "siERORVLLE32 
ШЕШІ FPRIMT"THEREFDRE, THIS IS THE PROBABILITY THAT THE 
SAMFLE MEAN WILL DIFFER FROM THE FOF MEAN EY LESS 
THAN"; XZ: PRINT 

1210 RETURN 

۸1 M LLL ee eee oe ЕЕЕ ЕЕЕ 


AC) ` 23% 3 3 e de Je de t € 96 36 E E Je Me ΣΣ ΣΣ ΣΩ 

A485 AFF. OF THE NORMAL DRIVER 

AAO ° HN HE E 9€) de ee ede de ېل لل‎ dee € € چو و‎ € e 9 € 6 c 9e 36 4 36 € 

00 CLEAOGR: GOSUB 20000 

2510 СОСЦИН 2000 

ШИН IF DFER#="BR" OR OPERS="b" THEN GOSUR 49000 ELSE GÜOSLIE 


Peel, “SELECT: 1-MENU;2-MORE AFF. OF THE NORMAL: 
SE IT" Ü 

22320 ОМ Ώ GOTO 100,2500,189 

2540 END 

QOO w'JJ3JJ3 33 € € € J X Y J 4-33 X  J X J ЧЕ ЗЕ ЭЕ C IE Je ee he e e E 

2985 “BASIC DATA INPUT (for problem definition) 

2990 'd« xd XX 3 X J X C X X CX CE CE KK XC CE ېز‎ C Re IE Je Je e Me I Xe e 36 e e 

τυ CLS:PRINT"APFLICATIONS OF THE NORMAL DISTRIBUTION" 
005 РБІМТ" кк КЕН 


0410 FRINT" THIS FROGRAM 15 DESIGNED TO AID IN COMPUT IMG 
THE AREA (AND THUS, THE PROBABILITY VALUE) UNDER THE 
NORMAL. ЕНЕМЕ BETWEEN VARTOUS POINTS. “sFRINT 


ES INFUT “ENTER 1-T0O CONTINUE; 2-TO EXIT”; Q 

5250 ІЕЕ 0451 THEM GOTO 100 

ESSA CLS:SsFPRIMT"STEP 1." 

ШЕШ PRINT DETERMINE IF THE FROBLEM CALLS FOR FINDING в 
PROBABILITY = OR « à GIVEN VOLLE CX) ОК BETWEEN TWO GIVEN 
VALUES Οκ mE Y) "eps T 

2060 INFUT "INFUT «32s OR BE (for between two values’ ";QFER® 
Poo ІР مل هن‎ AND OPERS« 2's" AND OFERS-'."B" AND 

OLERE Ub THEN GOTO 2060 

Sere oe PALA "СТЕР 2." 


2080 PRINT'DETERMINE THE FOPULATION MEAN AND STD. DEV. 
Cusually given)."sFRINT 


4510 
4520 


2090 INFUT "ENTER THIS MEAN"; PFMEAM 
2092 INPUT “ENTER TE SID DEV ЕЕ 
42097 IF 511۷: ات‎ THEN PRINT"MUST БЕ ЕПӘГТІМЕ ου 7: 
5100 КЕТОКМ 
1950 ° HEK FE E E E EEE HIE REE 3€ 3€ 3€ € € 3€ 3€ 3€ € 3€ 9 9€ 9€ 9€ € 3€ 3€ 9€ 3E 
29959 “рата INPUT FOR COMFUTATION OF ЕКОЕ BETWEEN TWO FOINTS 
090090) “кк EEE EE EEE 4€ € 9€ 9€ 3€ 30 3 3€ 9€ 9€ 9€ 3€ 9€ 9€ ЗЕ ЭЕ ЭЕ ЭЕ 9e 3€ € € 9€ 3€ € 
4000 CLS:PRINT"TO COMPUTE THE FROBABILITY BETWEEN TWO 
VALUES X and Y) YOU NEED TO CONVERT X and Y TO STANDARD 
UNITS (¢(Z-SCORES) AND THEN FIND THE CORRESPONDING TABLE I 
Ες ΓΞ 
ασια EFRINT STE Е 
40:20 FRINT"LETS START WITH THE LOWER LIMIT x." 
40725 FLAG#E="LOWER" 
4920 FOR J=1 TO 2 
4040 INPUT “ENTER THE LIMIT VALUE TS 
400 CLSsEFRINTUSIEF 4" 
4020 FRINT CŪONYERT THIS VALUE το ο ΕΕ ЕЕ 
(Z-SCORE = (Х-РОРОМЕРМ» ση Εν ЕЕГ 
4070 GOSUB θο ο πε #EF#CALCULATE {Z-SCORE 
4210 IF FLAGt$z.;"UPFER" THEM XESFBRÜEHWVEUEZ XL 2 1۳ n S 
YF zFEORVLUE : XU-ZWVLLIE 
422 IF FLAGES Ες" THEN CLOS: FRINTSNOW ECETSODOSIAS 
SAME THING FOR THE UPPER Value y= Pees (eee 
4-24 I: Doo T ΕΕ ΕΕ" 
eo MET | | 
codd ГЕЕЗРЕЕЕМПГИЕ ТЕРА 5... 
4:274 PFRIMT'"USING THE VALUES ORTAINED FROM TABLE I, COMPUTE 
THE AREA EE THEEN” = 7s VAND لو‎ 
4280 FRINT"DRAWING A PICTURE WILL HELF'' (REMEMBER THE TABLE 
VALUES GIVE THE AREA BETWEEN @ AND THE GIVEN LIMIT.) 
4290 INPUT "FLUSH ENTER TO CONTINUE"; @ 
42400 CLS: PRINT TABLE VALUE CORRESFONDI NE GOSS 


PRINT "TABLE VALUE CORRESFONDIMNG ΓΙΟ, ΠΝ 
INFUT- "COHFUÜTE THE FROBARILITY AND 1۹۱۳۱۱۲ THE 


ANSWER!" ; GANS 


4220 IF SGN (XL) XDR SGNOXU) THEN ANS-XP-YF ELSE 

ANS=AE5 (XP-YF) 

$2449 CLS: IF ABS (SANS-ANS) >.@@@1 THEN PRINT'"WRONG" ELSE 
PRINT TSCOUORRECTS 

4.220 PRINT THE AREA BETWEEN": XL; TAND"; KUN TS "SANS. aS 
corresponds to the probability). ":FRINT 

$260 RETURN 

4080 “хехе HEHE EERE EERE EERE RHEE KE KK HE EE 

4988 “DATA INFUT FOR COMFUTATION OF FROR. > OR G A GIVEN 
VALUE. 

29090 “кек HE E E E E HE KHE HE ЖЕ € Je JC Je 3€ 

JOGO Gis bea Sl eee Е 


due 
E. . 
Sees "ano! 


Sao FRINTVEA, TRACT THE VALUE OF THE LIMIT κ. FROM THE 
БЕКЕР! ЕМ" ΕΠΙΝΤ 

“ο ο INFUT "ENTER LIMIT VALUE X<"; X 

SUA BDLS:PRINT"STEF 4." 

ШЕП” РЕТМГТСОМУЕКТ THE GIVEN LIMIT VGLUE 'X' TO A Z-SCORE." 
45 FRINTU (Z—SEORE = (X—FOÜP.MEGNDZSID.DEV.)": PRINT 

5050 GGüGSLUHRH 6070: REM ***CALCULATE Z-SCORE 

БЕЛ СІ СІРКЕКІМТІСТЕР 6.29 

3200 PRINT"USING THE VALUE OBTAINED FROM THE TABLE, COMPUTE 
[HE NEEDED FRORBAGBILITY." 

BEND FPRINT"REMEMBER THAT THE TABLE VALLUE"s:PROBVLLIE;"ISG THE 
AREA BETWEEN @ GND';ZVLUE;"."; 

ШЕР ІР ΕΠΕ THEN GOSUB 5500 ELSE GOSUB 5750:REM 
*3x*CALCULaATE FROB. VALUE #%% 

weer iN TCHRE(27) +" pINPUT YOUR ANSWER! "+CHRS (27)+"q"; 
gece INFUT SANS 

7 CLS 

3240 IF ABS CANS-SANS) =.@091 THEN FRINT"WRONG" ELSE 

fie) “CORREECT? !" 

Eco FRINT THE PROBABILITY OF OBTAINING A VALUE "“:0OPERS;" 
"sxXs "IS ="sANS 

3260 RETURN 

CALO)  '3 x3 39€ 4€ 3€ 3C 3€ 96 9€ 4€ 9€ 96 3€ 9€ 4€ € € C 9e 96€ € 3C 3€ ж-е 

3485 'COMFUTATION ОЕ FROR. > A GIVEN VALLE. 

со) EERE e 6 € 36 96 96 96 96 FE E 30 96 96 9e 36 3€ 96 ЗЕ жс 96 96 90 96 FE C 96 0 e 

ШТІ OPRIMI"SINCE THE OPERATOR IS +, YOU NEED TO DETERMINE 
ШОШ ОКЕ UNDER THE CURVE TO THE RIGHT GF"s ZVLUGe”. " 

Sermo) IF ον Ε.Ο THEN ANS=.S-FPROBVLUE ELSE ANS =. S+PROBYVLUE 
ДЕЙ RETURN 

CTT EE KK E EEEE E E E E JE OE C JE 0E C 0H Je 9e e 

2730 СПОМРИТАТІОМ ПР РНОВ. « A GIVEN VALUE. 

5740 зж d» dede ccce dede de eae de dede de dece xe e d€ Je de Je e Yee de 

ШЕ ЕКІМТІСОТМСЕ THE ОЕЕКАТОЕ IS 5, YOU NEED TO DETERMINE 
ST TEES UNDER THE CURVE TO THE LEFT OF"sZVLUES"., " 

17/680 1۳ ZVLUE-;U THEN ANS=.S+PROBYVLU ELSE ANS=. S-PROBVLUE 
i7 QA RETURN | 

IPN KEF FE EEE EE EE e ede de Me e de JC dc de IEE REE € de HHH EE 

RE CALCUCATION OF Z-SCORE 

GOGA ` 23% e 3e 4e 4 € 9€ 9€ XC He Je XC e de 96 30 36 36 96 9€ € 36 خو‎ 4C Je Je GO X Je He 3e 46 

ΕΠ ИМЕШ ΤΗΕ Z-SCORE": ZS5SCRE 

4080 ¢VLUE= (X-PMEAN) /STDYV 

ESL UU LLSDIEOOSBHOCZVLEBHE-ZSORE)?*.01 THEN FPRINT"WRONG!'!" ELSE 
EENT CORRECT!!!" 

ο РКЇМТ"Ш ТМБ THESE VALUES: " 

6114 FRINT"FORPULATION MEAN="; FMEAN 

ew! Pritt STD.: DEV.="sSTDV 

4120 FRINT" X=": X 

meee PRIN “THE PROPER Z-SCORE="s5 ZVLUE 

6150 FOR 1=1 ТО 100: МЕХТ 1 

pees CLS: FRINI "STEF 5.” 


поо? 


6170 FRINT"FIND THE CORRESFONDING VALUE FROM TABLE I FOR A 
Z-SCORE ΟΡ ο ΙΕ ουσ 

4180 INFUT "ENTER THIS VALUE"; PROBVLUE 

5190 GOSURB 15000: REM **x*xRETRIEVE Z-ALPHA VALUE *#% 

&z200 РОК І= 1 ТО 800: МЕХТ I 

6210 RETURN 

14980 ° FH HE HF SF E E € 4€ € 9€ 4€ € 9€ 9€ € € J€ € 3€ 9€ € 9€ 9€ HE HHH HHH 

14985 ‘CALCULATION OF Z-ALF'HA VALUE 

15000 IF ABS (ZVLUE) +.005232.099 THEN TL=.4999:GOTO 135082 
15010 TY=INT ( (ABS (ZVLUE) +. O03) #10) 

153920 W=( ARS (ZVLUE) +. 0035) #10-TY 

1535۵ PTRA=CCINT (WHI) ) a) +1 

15960 TSVLUE#=MIDF (TABLES (TY) ,PTRA, 3) 

15070 TL-VAL(CTSVLUE*) 

15080 IF àEBS(C(TL-FRORBVLUE) >. 00009 ТНЕЧ FRINT "WRONG TABLE 
VALUE''TRY AGAIN" ELSE PRINT"CORRECT"' : FROBVLUE=TL: RETURN 
159090 INFUT "INPUT YOUR TABLE VALUE AGAIN"; FROBVLUE 
15100 IF ABS(TL-FROBVLUE) >.9@909 THEN FRINT "WRONG 
AGAIN! 'THE CORRECT VALUE I1S"sTL ELSE ӘКЕМ ١ 1 ٧٢٢ ٢ل‎ 
153120 FROBYCUE =T 

13150 RETURN 

19950 ° RH FE FE HE JF € x X € 3€ X ο. € 3€ C € 3€ 9e Je 96 E € 90306 9€ FE 9€ 9€ 90 € € 

19985 'Z-aLFHaà DATA TABLE INFUT 

19990 ° KE E FE жә E E E E E E E БЕЗЕ БЕ БЕ Б ЗЕ ЗЕ ЖЖ УБ ee ee eee eS 

Una DEFSMG A~Z 

20)020]0 ON ERROR GOTO 22000 

~O420 DIM TABLE 20) | 

2uUa040 FOR Is TO 3A 

~ BAS READ TABLE (1)? 

20050 NEXT I 

209079 

DATA". 0000. 0040. 0080.0120. 0i 60. 01979. 0279.0279. 0319. 0359F" 
20071 

пата". 258, 04.28.0478. 09517. 05997. 0596. 0626. 0675. 0714. 07554 
3007272 

DATA" .879:3.0832.0871.0910.9948.0987. 1026. 1064. 11s. τα... 
0072 
рАТА".1179.1:217.1255.1295.1.551.1568.1406.1445.1480.1517" 
20074 

DATA". 1554.1391 1628. 1664. 17020. 17-6777 ТЕПТЕ ТЕТЕ 
20573 

τα σι MI ud. £üodggss1ss091]57. 1905 72 نن‎ 
2007 نې‎ 

DAàTA".2257.2291. 23524,2357. 23589 2029) 490 dE EM 
29077 

рАТта", 2580. 2611. 2642. 287222704 РИУАЯТ а ааа 5 
2078 

DATA”. 2881, 2910, 2939. 22& 7 0995. ТИКЕ οσι ΟΤΕ, τ. 
20079 


DATA" 
20080 
DATA" 
20081 
рата" 
20082 
DATA" 
2008.5 
DATA" 
20084 
рата" 
200825 


DATA". 


20086 
DATA" 
20087 
DATA" 
20088 
DATA" 
20085 
рата" 
20090 
рата" 
20091 
DATA" 
2009 2 
DATA" 
20095 
DATA" 
20094 
DATA" 
20092 
рата" 
20096 
рата" 
24097 
рата" 
20098 
рата" 
20099 
DATA" 
2801900 
DATA" 
202009 
21980 
21985 
517904 
22000 
22010 


22020 


2 2159,.3186. 321 


ον 9208, 3264, 3289. 


2,51. 


.5415.5458.2461.5485., 3508. 
226435, 2669. 5686. 3708.35729. 3749. 
» 7849. 3869. 2888. 3987. 5925. 2944. 
. 40.22.4045. 4022. 4082. 4055.4115. 
a 4192. 4207. 4222. 42356. 4251.4265. 
2552.4542.4527.4270.4582.4:94. 
«4452.446:5.4474.4484.4495. 45035. 
.4324.4264.4273.4582.4291.4299. 
,4641.4649.4655.4664.4671.4678. 
«4713.4719.4726. 4732.4738.4744. 
4772.4778.4783. 4788.4793.4798. 
. 4821. 4826. 4810. 4834. 4838. 4842. 
‚4861. 4864. 4828. 4871. 48795. 4878. 


. 489.5. 4896. 4398. 49/01. 4904. 4905. 


44918.4920.4922.49225.4927.49 29. 


4928. 4940. 4941. 49743. 4943.4946. 
923.4955. 4926.49057.4959. 4960. 
.4985.4956.49657.49828.4%49.4%9/0. 
.4974.4972.4976.4977.4977.4%978. 
. 4981.492782. 4982. 4783. 49784. 4994. 


.4987.4987,.4987.4988.4%988.4989. 


RE TURN 


ola. 33 


40. 3365. 3389" 


TED 


ааа ооо Есет" 


3/70. 37900. 3810. 3830" 


3962. 3980. 3997.4015" 
Tis πι τοσο ον 
4279.4292. 4304. 4319" 
4406. 4418. 4429. 4441" 
4 lG SASS a 
4608.4616.4625. 46232" 
4686.4592.4699.4706" 
4750.4755.4761.4767" 
480:. 4808. 4813. 4817" 
4846. 4850. 4854. 4857" 
4881. 4884. 4887. 4890" 
A909.4911.4913. 4916" 
4931.4932.4934. 4935" 
4948.4949,4951.4952" 
4961.4962.4952.4964" 
4971.4972.4972.4974" 
4979.4979.4980.4981" 
4985. 4985. 4986. 4986" 


4999. 4999. 4970, 4990" 


ON Y 363€ ЕЕЕ € JC 36 J€ A 6 € 90 Je JC X 


"ERROR TRAF 


tO! 4€ de J€ 3C dC 36 9€ 30 3€ 3C 0€ Je C 3€ de Je Xe dC JE crede Je ge 9t de Ye de e X € 9C 9e de RE KA EHH 


PRINT 


ο αν Εαν TIN LINES ТЕҢ. 


FRINT'CONSULT OPERATORS MANUAL!!!" 


END 


24] 


Ø TITLE: MODULE 5 

ΤΊ. DATE: 11 AFRIL ΒΞ 

2 “PURPOSE: THIS PROGRAM IS DESIGNED TO ASSIST THE STUDS 
IN LEARNING STANDARD FROBLEM SOLVING TECHNIQUES WHICH CAN БЕ 
AFPLIED TO FOLLOWING TYPES OF STATISTICAL PROBLEMS: 

5 ‘HYPOTHESIS TESTING CONCERNING THE MEAN. 

‘DERIVING A CONFIDENCE INTERVAL ABOUT THE MEAN. 

= “DETERMINATION OF THE MAXIMUM ERROR INVOLVED IN AN 
ESTIMATE. 

b ‘DETERMINATION OF THE MINIMUM SAMPLE SIZE NECESSARY TO 
ACHIEVE A FIXED LEVEL OF ERROR AT A ENOWN LEVEL OF 
SIGNIFICANCE. 

DNE 

8 ‘A SEFARATE GROUF OF BASIC ROUTINES IS DEFINED FOR EACH OF 
THE ABOVE AFFLICATIONS. 

© “SIGNIFICANT SUBROUTINES WHICH ARE JOINTLY USED BY ACE 
AF PLICATIONS INCLUDE: A DATA TABLE ROUTINE WHICH FROVIDES 
T-ALFHA VALUES; AND à ROUTINE WHICH CHECKS THE STUDENT'S 
INFUT VALUE OF T-ALFPHA AGAINST THE TABLE VALUE. 

1i | 

11 'INFUT VORIABLES: 

12 “RAYP=VALUE ΠΕ THE MILL ۳۲۷٢۳٣٢ ک ت۱‎ 

15 “OPERS=0FPERATOR OF THE ALTERNATE HYPOTHESIS 

14 ‘LSIG=LEVEL OF SIGNIFICANCE 

15 SNUM=SAMNFEE Size 

16 ‘TALPHA=T—-ALFHA 

17 “STDV=STANDARD DEVIATION 

18 ‘“SMEAN=SAMFLE MEAN 

19  DERDZDEGREPSUIESEBREEDUNI 

ӨШ DURE =tebnee os OFS CONFIDENCE 

ole | 

s Cup VARIABLES: 

co ۱۹0۹-٤۹ ٢ ۹۱٨17717 

24 'FLGGET-ZAGCCEFT/REJECT CRITERIA 

acd ‘TL=TABLE VALUE FOR T-ALFHA 

κ “MER=MAA. ERROR OF ESTIMATE 

2/7 LFISI ρα GI LIMIT 

ος ΕΤΗ ΜΕ CT LIMIT 

ay 

50 ' INTERNAL VARIABLES 

AL “PTRA=TABLE FOINTER 

Ja  TNUM=SNUM (sample size) 

SS Rie: = IMNMTIEEMEDIQATE VALUES 

GIJ HKH ¥ EE EE EE EE EEE چو‎ E E E E E Fe ЭЁ E JE € E de e de 96 FE E FC FE KK FF 

νο “TOTAL FROGRAM MENU SELECTION 

JG ° FE E E E Fk E HE KE ¥ E 3€ 3€ 9€ EEE EE HEE 3€ € جلف € € € € د غو دند‎ € € E 

100 CLS:FRINTTAR(18) 5; "MENU" 

йо PRINT “1 Teta 

τα Επ ΘΕΣ Чү MAX ERROR OF ESTIMATE" 


IIG PRINT TAR 0 ٢ DETERMI NEw sate ΞΕ 


45 


.. 


242 


120 РКІМТТАВ(2); "3 CONFIDENCE INTERVAL ABOUT MEAN" 
125 FRINTTAB (2) s"4 HYFOTHESIS TESTING OF MEANY 

1.20 Εστω) °S EXIT 

EJ INPUT SELECTION #":0 

140 ON ® GOTO 2050,3100,1100,150,145 

145 MENU 

146 '*333x*3 3c € € 9 X 3€ 9€ * € € 9€ 4 4€ 9€ 3€ 9€ € 9€ 9€ X 9€ 9€ € 4€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ 3€ 
τη TESTING DRIVER 

148 'ds33€3 HE E HE E € € 9€ 9€ € € € 3€ 9€ 9€ 9€ 9€ € 9€ 9€ 9€ 9€ 9€ € 9€ 9€ 9€ 9€ 9€ € 9€ 0€ 9€ € 

hee Clee PRINT “##*HYPOTHESIS TESTING CONCERNING 
MEANS##" s PRINT . 

Pier RLM “VALUES NEEDED: NULL HYP. VALUE: SAMPLE MEAN: 
ЕГІ ГЕУ SIZE OF SAMPLE." 

БӘЙРРЕЛМІГІРБЕІМТ: ІМЕИТ "PUSH ENTER ТО СОМТІЧЦЕ" : 6 
NESSUDDPEOR:ICLESS 

170 GOSURB 20000 

175 GÜOSUB 200 

180 GOSUB 446 

185 ΞΏΞΗΕ 300 

194 GOSUB 4600 

ЖЕБЕЛЕР "БЕРЕСІ: 1-MORE HYF. TESTING; 2-MENU; 
S-EXIT":0 

200 OM Q GOTO 165,100,145 

205 END 

OM HR HIKE ЖЖ 

2909 “DATA INFUT ROUTINE 

OT, HEE IE IEE EE € de 36 de de Je Je e J€ 46 36 € € 3e 2€ 3€ X E € 00 96 96 2€ 36 3€ 90€ 96 96 3€ 9€ HE 

ΣΩ PERINT"dsa3d 3e ¥ 3t 3 3 xx*xSo0LUTION STEFSs33d*43x33xxxx' 
TENT ο I. FORMULATE TRE NULL HYPUTHESIS.” 

emer tts INFUT INPUT VALUE OF THE NULL HY. “:NHYP 
КИШ ο ΕΙΝ "ӘТЕР 2. FORMULATE THE ALTERNATE HYFOTHESIS. " 
ESDUSRINMTI:INFUT “IS THE OFERATOR OF THE ALT. HYF. = ¿less 
than), = (greater than), OR «<> (not equal 0)"; ОРЕК 


331 IF OPERS< >">" AND OFER$ "4" AND OPERE<>"<>" AND 
ПОРЕНКЖ<>"><" THEN GOTO 339 
335 IF OPER¢="<>" OR OPER£-"2Z" THEN RX-2 ELSE RX-1 


RLS FRIN “BASED ON THE GRPERATOR OF THE ALT. HYF. IS 
NES А 1 OR 2 TAILED TESTY" | 

Sore INPUT GA:CLS 

246 IF ملا‎ 71 AND Q42 22 THEN GOTD 540 

τ. BASRA THEN ERIMT "CORRECT" ELSE PRINT 


ШЕШЕКҮ-ІМСЕККЕСТ" 
КООПЕ OFPERA="<>" OR ПРЕКЖ-"2:<" ТНЕМ РКІМТ “<> (not equal 
МІ INDICATES A TWO TAILED TEST” ELSE FRINT "« OR > INDICATE 


ONE TAILED TEST" 

260 FÜR I= 1 TD 1200:NEXT I:CLS 

soo PRINT “2. DETERMINE THE LEVEL OF SIGNIFICANCE (ALPHA) AS 
STATED IN THE PROBLEM” 

ЕШ ЕКІМІ: ГЫРИТ “INPUT LEVEL OF SIG. (in decimal 

Borm) :L3SI6O:S2-LSIG/RZ 


571 IF LSIG»1 OR LSIG6SU THEM FRINT"TRY AGAIN": GOTO 370 
375 INFUT "HOW LARGE IS THE SAMFLE" ; SNUM 

180 IF AaBS(CINT(OSNUM))« 7SNUM THEN GOTO 375 

290 CLS:PRINT"4. DETERMINE ٢۳٢٣١٣ ΤΠῈ БЕСЕ Πως το. 
T-ALFHA. REMEMBER TQ USE THE RIGHT DEGREES OF FREEDOM 
(A= OSR ER TNE 

4959 FRINT “FIND THE T-ALFHA CORRESPONDING 

TO": LSIG/RA: "WITH: SNUM-1 DEGREE STO ЕЕ ЕЕЕ MM 

400 INFUT "INFUT T-~ALPHA VALUE": TALFHA 

405 GOSUB 159000: REM COMPARE INFUT VALUE TO TABLE VALUE 
410 INFUT "STANDARD DEV. "+ STDV 

4ἱ IF STDV<@ THEN PRINT"STDY MUST BE FOSITIVE": GOTO 410 
415 INFUT "SAMPLE MEAN"; SMEAN: CLS 

A20 FRINT"STEF 5. COMPUTE THE TEST STATISTIC: FUSH ENTE E TER 
THE COMPUTER WILL DO TT FOR you.” 

4725 INFUT 0 

420 CLS: RETURN 

4:125 ' IE dede ee x € X C 4 E κκ 4€ 4€ 3) € € € € € € * 

4x6 'COMFUTATION OF THE TEST STATISTIC 

427 EH HEE ددد څرخ بډ‎ E € 3 € E E ЗЕ ЗЕ ЭЕ ЧЕ E € € 3€ ЭЕ 4% 

44@ TSTAT=(SMEAN-NHYF) 7 (STDV/SOQR (SNUM) ) 

445 CLS:FRINT"OIVEN THE FOLLOWING INPUTS" 

43@ FRINT"NULL НҮР -"ІМНҮҒ;" SAM SIZE ="; SNUM 

430 FRINT"STD.DEV. ="sSTDV;3" SAM MEAN ="; SMEAN 

460 PRIME "ІНЕ TESTSSTQGPISPPC I5 =: ПЕАТ 

465 FOR I=i ТО 1500:МЕХТ I 

470 RETURN 

475 KEK FE EE EEE EE EE ERE E E E ЗЕ ЭЕ 4e e I Ye HE Je e I eee © 

480 “DETERMINE WHETHER TO ACCEFT OR REJECT THE NULL 
ЕРЕШЕ ii τν 

дас ' dde X MX e Y dee Ke Xe dede e d Je e ye d Je Жж E FE 36 

3g IF €(OPFERET-"S") AND (CTSTAT:-~TALFHA) THEM 
FLAGE="REJECT"s RETURN 


510 IF (QFERF=" >") AND CTSTAT*TALFHA) THEN 
FLAGF="REJECT": RETURN | 
392U IF (ORPERS="< >" OR OPERS="><") AND CCTSTAT<-TALFHA) OR 


tTSTATS>TALFHA)) THEN FLAGF="REJECT": RETURN 
SOA FLAG#E="ACCEPT" | 

3465 RETLIRN 

FZI '3e3€4€ 33€ 3€ 9c 3€ Je 3€ 3€ 9€ 3€ 2€ 3 3€ 3€ 9€ X رور رو جرد دد لد‎ C H0 Je He 3€ 3€ HEHE 

σοι {ΤΕΙ БӨШІРЕРІЕ 

Соқ “КЕК КЕК 

500 CLS 

605 FRINT"STEF 6. BASED OF THE RELATIONSHIP BETWEEN THE 
COMFUTED TEST STATISTIC AND THE T-ALFHA VALUE OBTAINED FROM 
THE CHART DETERMINE IF YOU CAN REJECT THE NULL HYPOTHESIS." 
610 FRINT"REMEMBER, T-A@LFHA= + OR —": TAFPLHA 

όλο FRINT"TEST STAT="; TSTAT 

020 ІМЕШТ "К-ТО КЕЛЕСІ ӘК EO ΤΕΓΕΓΙ, πμ. 

O20 IF R#<2"RK" نام‎ RE:"A" AND RFE: :"r" AND RE "a" THEN GOTO 


244 


510 

5950 IF (R$-"R" ОК R$z-"r") AND FLAGS="REJECT" THEN PRINT 
ΤΕΕ SFRINT WE SHOULD REJECT THE NULL HYP. ": RETURN 
625 IF (R#="A" OR R#="a") AND FLAGF="ACCEPT" THEN PRINT 
"CORRECT": FRINT"WE CANNOT REJECT THE NULL HYF.":RETURN 


540 

6435 

5820 

1080 
1085 
1090 
1 
1190 
1102 
11035 
1110 
1120 
Ш 
1150 
1140 
1145 
1150 
Liss 
1200 
1210 


ШИЕЕТЕКМІМЕ ЗАМЕ Е SIZE CN) 


REQUIRED IN THE ΡΕΠΟ ΕΜ 


1220 
1225 
220 


1240 


(be sure to use th right 


PRINT"WRONG! " : 
ΠΠ THESE 
PRINTERE TTER μεις 


VALUES SUGGEST WE SHOULD 
NEXT TIME Re TURN 
SEI HE EEE EEE EEE EEE IEEE EEE EE EE EK 
“CONFIDENCE INTERVAL AROUT THE MEAN 

‘CI DRIVER 

e Je X Y X X ЗЕ ЭЕ ЭЕ ЗЕ ЗЕ ЗЕ ЭЕ ЭЕ ЗЕ ЗЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЗЕ ЭЕ ЭЕ ЗЕ ЭЕ € € € € E € € JE HE E E 
CLEAR: GOSUB 1200 

GOSUB 20000 

GÜSURB 1-340 

LE 1500‏ انا 

(QSUE 16040 

FRINT 

MEUT E SELECT: к= ОКЕ C: 
ON 0 50ТО 1100,100,145 

! Y JC JC КЖ 
"INTRODUCTION 

£e X XX € CX HC C AC XC XC C € € JE © ЗЕ ЗЕ ЭЕ ЗЕ ЭЕ ЭЕ ЗЕ ЭЕ ЗЕ ЭЕ ЗЕ ЭЕ ЭЕ ЗЕ ЗЕ E E HE IC Ee 
CLS:FRINT"*#*#*CONFIDENCE INTERVAL ABOUT THE PEAN#*" 
FRINT? SOLUTION STEFS 

AND DEGREES ПЕСЕБЕЕПОІТСЬМЕСІ? 
ΕΙΠΕ ΠΠΕ ΠΈΕΠΠΈΕ OF: CONF IDENCE(C> 
(usually ` stated as a 7)" 
BiU FUSH ENTER TO CONTINUE"; O 

BES 
PRINT 
FRINT 


"sy FLAGS 


I.; 2-MENUs; 3-EXIT";G 


"z. CONVERT C TO ñN ALPHA VALUE EX(I-C)/2]" 
"4.ОЕТАІМ FROFER T-(ALFHA) -VALUE FROM THE 
degree of freedom) 

J. COMFUTE FROM THE SAMPLE f not given) 


SAMPLE STD. DEVY. AND SAMFLE MEAN" 


1230 
12229 
1260 
1280 
1289 
1520 
1.500 
1.305 
1510 
1.320 
D 
1.550 
1540 


FRINT "6. COMFUTE CFLUG AND JUGI" 

ιν ο ENTER | O CONTINUE: D 

LL SSEETURN 

! E E E HE HE C JC JC ЖЕЖ 
INFUT ROUTINE 

E FE E E HEE EE EEE JE 3€ 3€ J J € JC Y HE € FE E HC دو رر‎ € 3 € 9 € 3 € € 3€ € 
ЦЕСС eit INPUT ΞΗΠΕΙΕ SIZE" § SNUNM 
IF ABSCINTOSNUM) 2 2SNLUM THEN GOTO 1300 
ΙΤ ' Τ DEGREES OF FREEDOM": DERD 
O ен = Уу THEN PRINT °WRONG!!, TRY AGAIN": GOTO 
2115 HEP" 


INFLT "INFUT DEGRHEE OF CONFIDENCE REQUIRED (in decimal 


orm?) "a: DCNF 


1.5495 


СИРЕ F ЕБ لل‎ j TEEN σι THE Doote. MUST ΕΕ ІМ 


POSITIVE DECIMAL FORM! ":GOTO 1340 


1550 
1.56 0 


ΓΗ SITE SE 


INFUT "INPUT ALPHA VALUE ias calculated from the deg. 


of contain (O) (و١ ال"‎ 


1370 
1:360 
1:580 
poa 
1400 
1410 
1415 
1420 
1420 
14.55 


IF LSIG< + ¢C1-DCNF)/2 THEN FRINT"WRONG!!, TRY AGAIN": GOTO 
S= SIG 

CLS: PRINT'SIEF R Ы 

INFUT "INPUT РКОРЕК Т-АЦРНА VALUE FROM TABLE"; TALFHA 
GOSUB 15@0@:REM COMPARE INPUT VALUE TO TABLE VALUE 

FOR I1 TO 500: МЕХТ I 

VS: PRINT See ean 

INPUT "INPUT SAMPLE STANDARD DEV. "sSTDY 

IF ABS(STDVY) < STDY THEN FRINT"STDV MUST EE 


POSITIVE": 60TO 1430 


1440 
14350 
1422 
1460 
1470 
1480 
1485 
1490 
1200 
15053 
1510 
1520 
1520 
1200 
1 
1590 
1500 
16.30 
1635 
1644 
1642 
1643 
1670 
1677 
1680 
1673 
2030 
2060 
2070 
20980 
2090 
2100 


INFUT "INFUT SAMPLE MEAN"; SMEAN 

EES PRINT Stee ta... 

PRINT: FRINT'"PLUG VALUES INTO THE FORMULA AND COMFUTE" 
INFUT "FUSH ENTER WHEN READY TO CONTINUE! z Q 
RETURN 

Fh LIE € 3€ 3- Je Je de € J€ C EE KC Je JC € Je € € 9€ E 9C 9€ 9 9€ X 9€ € E E 
‘CALCULATE THE UFFPFER AND LOWER LIMITS 

FEE IE HE EE EE EEE EEE IEE EE EEE EEE EE 6 9€ 96 9€ 3€ 96 9€ 9€ 9€ 9€ 9€ € 

CLS: 

MER=TALFHASTDV/SOR (SNUM) 

LFT=SMEAN-MER 

RGHT=SMEAN+MER 

RETURN 

ee ee ee ee ee δὲ 

‘OUTFUT ROUTINE 

! Ge Ke KE IEE KEE EE кк € E JE CC JE HE E E € XE S€ 
CLS:FRINT" THE CORRECT LCOWER CIMI = nE [| 

FRINT” THE CORRECT UFPFER EIMIT- ROHN 

FRINT” CONFIDENCE INTERVAL =" 

ЕКІМТ LET; ТЕШЕ МЕАМ <<": RGHT 

PRINT MAX ERROR =T IMER 

RETURN : 

! RA JC Je XE Y XX KJ C XX 9€ C 3€ 9 C XC KE € 9€ JC QE C ЗЕ ЭЕ ЭЕ Je 9€ 96 9C € 6 30€ € 

MAXIMUM ERROR OF AN ESTIMATE 

DRIVER ROUTINE 

!O egt Ye C Y 6 δε ЭЕ ЗЕ ЭЕ ЭЕ ЭЕ 26 9€ 9 J€ J€ 3€ C 9€ J€ 9€ € 3 9€ 9€ 9€ 96 € 3€ 96 9€ 9€ JE E EE 

СЕЕАЕ СЕБ 
ο οἱ) 20000 
GUSUugpg 2110 
GOSUR 2300 
(G0SUR 24130 
νο БЕСА 


i-MORE ESI. OF MAX. ERROR; 


‚МЕМ EXIL TE ῃ 


due 


2106 


ON η 5070 2030,100,145 
ЕКЕ ЖЕЖ жы 


246 


2107 ‘DATA INFUT ROUTINE 
2108 7% HEHEHE E E E 3c 3c 9c 9€ € 9€ Jc 3c J€ 3c J€ e € € € € 3€ € E 9€ 9€ ЭЕ E ¥ E E E E X6 4 


2110 РКІМТ"еежжеежежжМАах ERROR OF ESTIMATEsss*3xxx" 


EN SOSLPNINDSERINUI"STEP La“: PRINT 

2130 INPUT "INFUT SAMPLE SIZE"; SNUM 

EBENSO DLEOS:PRINI"SIEP 2." 

ШЕШІ PRINT: INPUT ТІМЕШІЕ ІНЕ LEVEL OF SIGNIFICANCE 
TT RUBAEILITYI"SLSIG 


SIF LSIGI OR LSIG:D THEN FRINT "MUST BE IN DECIMAL 


meme) 's GOTO .2150 

2164 S2=LSIG/2 

Үй СІГЕЗРКІМІ "5ТЕР 5," 

59 INFUT "DIVIDE THE L, OF SIG. VALUE BY TWO TO 
FOR BOTH TAILS AND INFUT THIS VALUE";A2 

2170 IF INT(1000*52)7/1ü000-s-INTCIOQO*02)/10(00 THEN 
CLS:FRINT"YQU HAVE MADE AN ERROR IN YOUR DIVISION 
ETELIFICATION DF THE L.0.5.— TRY AGAIN":GOTO 2120 
БЕЙ CLSsPRIMP'STEP 4.":;PRINT 

Eug INPHI "INFPUT THE Z-VeALUE FOR THIS VALUE FROM 
TABLES"; TALFHA 

2220 GOSUB 1950]00:RWREM COMPARE INFLUT VALUE TO TABLE 
2225 FOR I=1TO SQQ:NEXT I 

СС ЕД DCES:IFRINT"STEP 5. ":РКІМТ 


ACCOLINT 


OR IN YOUR 


Ш.Е 


YALUE 


2240 INPUT “INPUT THE STAN. DEV. OF THE SAMPLE": STDV 


2245 IF ABS (STDYIA2STDV THEN GOTO 2240 

22590 RETURN 

22800 IE FEI IEEE € 4€ 3-34) J JC 3 3€ 4 ЭЕ ЗЕ J€ 4€ 30 3€ J€ 3e 3C 9€ 9€ 9€ Je 3€ 0€ 9€ 3 30 9€ 9€ 3€ 96 3€ 
228% “CALCULATE THE MAX ERROR 

AU 'd«o Xd xx XX ек ек X M e d e de de Ye Je 363 
2200 MER-TALPHà*9STDV/SQR CSNUM) 

5 RETURN 

а) “жскс КЕК 96 9€ E 9€ 9€ € JE 1€ 36 X 
2585 “OUTPUT ROUTINE 

Ce oo E E HE E HE HE E E HE E ee ee ee ee € 
ЭЛИ СІС:РЕІМТ:РКІМГ"МАх ЕЕКОЕ ОҒ ЕбТ-": МЕК 
410 ҒОК Ісі ТО 1200: МЕХТ І 

2429 RETURN 

“27/0 EEE HEE ЕЕ κό -Е 
5075 “DETERMINATION OF SAMPLE SIZE 

280680 “DRIVER ROUTINE 

CUBES “ххх 6 c 4€ € X C € 3 ЖЕК 
feo) Clos CLEAR 

5114 6050 20000 

fee GOSUE 5200 

EN SU لاد لانا‎ 5270 


Eee ο” ο ΕΟΤ. 1 HURE DET. OF SAMPLE SIZE; 


БЕЛЕМ: 3-ЕХІТ"%О 

5120 ОМ 0 GOTO 2100,100,145 

Stow END 

SLES! MRR IEE EHH RH RK KEE EH KEE REE HERR 
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2185 “DATA INPUT ROUTINE 
190 HEHE HE HE HE IEE IEE IE IEE ЗЕ ЗЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЕ ЭЁ ЭЕ ЗЕ ЭЕ ЗЕ 9€ 9€ 3€ 9€ 9€ - 
2200 FPRINT' *#*#*##** DETERMINATION OF SAMFLE 
SIZE*3xd«XxÉcÉxxxWdHEN GIVEN:1.LEVEL QF SIGNIFICONCE 
2. ALLOWABLE ERROR Z. STANDARD 
DEV. 
ОС ЕБЕТ ЕЕРЕЕ ИИ 
A220 INPUT" INPUT THE LEVEL OF SIGNIFICANCE (1 — 
probability) ";LSIG 
22285 IF LSIG?1 OR LSIG0 THEN FPRINT"MUST BE BETWEEN 0 AND 
IE GOTO لست‎ 
πο ο οτι στ ο 
240 Οι Ξ ΕΕΡΙΝΤ ΤΕ ο ον. 
284) IMFUT"DIVIDE THE L, GF SIG. BY TWO TO ACCOUNT FOR ROTH 
TAILS AND INFUT THIS VALUE"; A 
A260 IF INT(100Q0*572)/1000- -INTCIOUDx*àa72)/1000 THEN FRINT'"YOU 
HAVE MADE AN ERROR IN YOUR DIVISION OF IN YOUR L.O.5. INFLT. 
TRY: AGAIN": GOTO 3220 
ωρα CCS RINT ΤΕΙ РБ hhi 
2200 FRIN COO UFR THE РЕПРЕН Т -МЕЕНЕ FORTA s 
2283S INPUT" INPUT ΤΗΕ FROPER Z-VALUE(t-alpha value) "; TALFHA 
2298 SNUM=3523G0SUR 15000:REM COMPARE INFUT VALUE TO TABLE 
VALUE 
ада ҒОК ІзіТ0 SUO0U:NEXT I 
ЗІП СЕБЕК И С ТЕРМЕ ЕКЫ 
SALO INPUT “INFUT THE LEVEL OF ALLOWABLE ERROR ЕН 
دل‎ πιο ШИКЛЕ ЕЕС ا(‎ 
2-40. LMPUT"INPUT THE STANDARD DEV طول‎ ٢٢ 
ټل نن‎ LF )دناخم‎ 5٢ د(۷‎ 51 1۱۸7 ΠΕΠ ΕΠ τυ 
aod INFUT"PLUG THESE VALUES INTO FORMULA-1@ AND COMPUTER. 
SAMPLE SIZE. FUSH ENTER AND THE COMPUTER ΗΕ АБЕТКИ 
ορ] RETURN 
ARGI KREME ХУ ЕКЕ € 3€ 
502 OUTAT ROTTNE 
502 “кек ЕКЕ ЕЕ 
2570 SNUM= (CTALFHA*STDV/MER) “2 
22080 CLOosPRINT"REQUIRED SAMPLE SIE srl 
590 RETURN 
14080 “ххх кк ЕК ЖЕК КК 
14085 ‘COMMON TABLE LOOK-UP ROUTINE 
1424000 ° HH EE HF HE FE x 3€ X x € 0€ 363€ 3€ € Jc 3€ 3 96 3€ € C Je 0€ 96 CC X € CE HIE C 
125000 IF £€22.1 THEN FTRZ-1 
i5un5 IF 922.053 THEN PFTR4z6 
129010 IF S2=.025 THEN FTRZ-11 
150158 IF $22.010 THEN FTRZ-16 
19020 IF S2=.005 THEN FTRZX-21 
12025 IF FTRÁA-O0 ТНЕМ РКІМТ "ODD LEVEL OF SIGNIFICANCE: NO 
ERROR CHECE ING AVATLABLE": RETURN 
150202 ΙΕ SNUM?31 THEN TNUM=31 ELSE TNUM=SNUM 
15455 TVLE= MIDE (TABLES (TNLUM—-2) ,FTRZA,S) 


46 


15044 TL=VAL (TYVL#) 
15045 IF TALPHA« >TL THEN FRINT 
БЕЗЕ PRINT “CORRECT "=: RETURN 


"WRONG VALUE TRY AGAIN!!!" 


19050 INFUT "INPUT T-8LFH& VALUE (LAST CHANCE)": TALFHA 
Γον CLS 

15060 ΙΕ TLeé>TALPHA ‘THEN PRINT "WRONG AGAIN! ! THE CORRECT 
ο τς TIS"; TL: TACFHA=TL ELSE PRINT "RIGHT ON" 
15063 RETURN 

1908) 'sa333 x 33€ 3€ 3€ 3€ 3€ 3€ 3€ 4€ 3€ 3€ 4€ 9€ 3€ € € 3€ 9€ 3€ € 4€ 3€ 9€ 9€ J€ € 9€ 3€ 9€ € € € 9€ XX 
19085 ‘TABLE DATA 

19090 'dxX«x33c3 3€ € 3€ 3€ 9€ 3€ € 3€ € € 3€ J€ J€ 9€ 3€ 3€ 9€ € 9€ 3€ 9€ 9€ € 9€ 3€ 9€ 9€ 0€ 9€ 9 E ¥ E ¥ ¥ 
20000 DEFSNG А-2 

20020 ON ERROR GOTO 22000 

20055 DIM TABLE? (29) 

20060 FOR L=0 ТО 29 

20065 READ TABLE? (L) 

20070 NEXT L 

20071 DATA "3. 0786. 31412.7071. TT 

En DATA "1. 88462.7204. 30536. 7659.725" 

20073 DATA "1.6382. 3035. 1824. E - 

7η DATA "1.93532.1222.7763.7474.604" 

сала DATA “1.4762.0152.3713. 36594. 032" 

20076 DATA "1.4401. 9422.4473.1432. 707" 

СООРУ DATA "1.4151. 8932. 3652:7985. 499" 

ШИЕ DATA "1. 3971.8602. 3062. 82765. SI" 

meee DATA “1. 5831.8532, 2622.8212, 250" 

Ban DATO "l.3721.8122.2282. 7543.169" 

20081 DATA "1.3631.7962.27012.7183.106" 

moe ОАТА (1.5561, 75822,1/97,6812. 0352" 

mage DATA "1. 3501. 7712.1402. 6503.012" 

4 DATA "1. 3451.7612. 14352. 6242.777" 

Eus DATA 71. 3411.7532. 15312. 6022.747" 

С РАТА "1. 3371.7462. 1202. 5832.721" 

Eu DATA “1. 2331.7402. 1102.5372.8998" 

ИЗВ рата U1.353012.72542.1012.95222.9878" 

En DATO Ht, 281.7292. 0932.35592.861" 

Sas DATA “1.2251. /252.0862.5282.845" 

2YAIL рата "1. 3231. ааа IO ο 

nuc DATA "1.5211.71723.0742,5U002.919" 

Sess DATA "1.3191.7142.0697.500:.807" 

eget DATA "1.3181.7112.0642. 4922.797" 

Шато DATA I. 2141.7032. 06072. 48532. 787" 

ЕНУІ DATA T1. 3i31l. 7042.0362. 4792.779" 

ο) DATA <]. 2141.7032. 0322: 4732. 7/71" 

УС DATA 11.3131. 7012.0482. 4672.763" 

feo? DATA T1. 2111.6992. 04532. 462. 705" 

mes DATA “1. 2821.6451, 7662. 3262.5756" 

201059 RETURN 

әде ° EFE E E FE e E E C e e Me Mee Je pde e Me xe e de de HE FE HE FE Ma нж 
ewes ERROR ROUT INE 
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21090 | HHH RH د لد لد‎ * 3€ 3€ € 3€ 3€ 3€ 9€ € 3€ Ye 3€ 3€ J€ 3€ 3€ J€ HE C E E E HE HE HE Je 9E Je E 3E E 
22000 ЕКІМТ TERROR δαν IN LINE ЕНШЕ 
22010 PRINT'"CONSULT OFERATORS MANUAL": END 


2 


SS TITLE: MODULE 6 
1 “ПАТЕ: 30 AFR 85 


КО TURFUOSE: THIS PROGRAM [S BESISNED TO ASSIS) THE STUDENT 
IN LEARNING STANDARD FROBLEM SOLVING TECHNIQUES WHICH CAN BE 


ο ΤΕ ΙΙ; Пе FOLLOWING TYFES GF STATISTICAL PROBLEMS: 
4 'HYFDTHESIS TESTING CONCERNING THE STANDARD DEVIATION. 
4 “DERIVING A CONFIDENCE INTERVAL ABOUT THE STANDARD 
DEVIATION 

= 

6 "А SEFARATE GROUP OF SUBROUTINES IS DEFINED FOR EACH 
AFFLICATION. 

Z : 


8 SIGNIFICANT SUBROUTINES WHICH ARE JOINTLY USED BY BOTH 


AFFPLICATIONS INCLUDE: 

ә “A DATA TABLE ROUTINE WHICH PROVIDES CHI-SQUARE AND 
STANDARD Z VALUES: AND TWO ROUTINES WHICH СОМРАКЕ А 
STUDENT S INPUT FOR CHI-SQUARE OR Z VALUES ТО THE DATA 
TABLE. 

ME 

11 'INPUT VARIABLES: 

iS “DCNF=DEGREE OF CONFIDENCE 

NEU DERD-DEGREES OF FREEDOM 

14 ‘“CHOICE#=DATA TABLE SELECTION 

fee LOLG=LEVEL GF SIGNIFICANCE 

Pome SHYr=VeELUE OF THE NULL HYPOTHESIS 

17 ‘OFER#=ÛOFERATOR OF ΤΗΕ ALTERNATE HYFOTHESIS 

Bem Re=ACCEPT/REJECT CRITERITA(student> 

B ONUM=SAMPLE SIZE 

20 “STDV=STANDARD DEVIATION 

21 “XLALFHA: X2ALPHA = CHI-SQUARE VALUES 

22 “ZALFHA=STANDARD Z VALUE 


3 MS 
يب مویق‎ 


24 “QUTFUT VARTABLES 

ee FLAGS=ACCEPT/REJECT CRITERIA (computer) 
ου το ες CI LIMIT 

ЕЙ SOY=UPPFER CI LIMIT 

28 “TL=CHI-SQUARE OR Z TABLE VALUE 

EOS ISTAT=TEST STATISTIC 

=a 

51 ° INTERNAL VARIABLES 

а FELAG=USED AS A SWITCH 

foe FIRAZ=TABLE FOINTER 

КОО ОЕП I FZ:S2 = INTERMEDIATE VALUES 
525 “ TABLES=CHI-SQUARE TABLE 

26 'TVLA-INTERMEDIATE VALUE 

37 “ZZ'=STANDARD Z TABLE 


НЕ; TT dg κκ a κκ + 
94 ‘TOTAL FROGRAM MENU SELECTION 


ο ° E E E E E E ربلد ددد زرد‎ € € J€ J€ 4€ 4€ 3€ € € 3€ € € 4€ 3€ 3€ 3€ € € 3€ € 3€ 3€ 3€ € 

i00 ) 5:۳ ۳۱٣٣٣ ۱۵8 )18( s "FIENLJ" 

110 PRINT"1-CONFIDENCE INTERVAL ABOUT ST.DV." 

120 PRINT “2-AYPOe THe Stee od ТИБЕТ 

ЗИТ ЕЕЕ ЕИ 

ле РКЕМ ЕЕ ٢ 

140 INPUT "SELECTION": Q 

152 ON О GOTO 50ο. 4892 1 δίᾷ 

160 MENU 

АУЕ) “'========================================= 

0480 =================an s s= Ἕτα ττε 

48% درد رر د"‎ HE 4€ E E E E € 3€ € 4€ € € 9€ 9€ 3€ J€ 9€ € € HF 9€ 9€ 3€ 3€ 3€ € 9€ 3€ 3€ € 3€ 9€ 9 3€ 

49@ CONFIDENCE INTERVAL DRIVER 

40905) ' * € 4 X € 3 € Jc X Y Jt JC X e 363€ 9€ 36 € 9€ 3€ € 4€ 3€ 9€ 963€ J€ € 1€ 36 9€ € € 3€ € € X 

SAA CLEAR: GOSUR 2O@02 

502 FLLAGE="TNT" 

245 GOSUB 1062 

sið IF DFRD<S0 THEN GOSUE 20@0 ELSE GOSUH 20000 

zz20 GOSURBR 49000 

S920 PRINT:IMFUT "SELECT: 1-МЕМШ: 2A MOURE СЕРЕ ИРЕК ГЕ 
τη 

240 ON Ü GOTQ 140,500,560 

Jð MENU 

ORA 9 FEKE EH KE FS 36 e HEHE EERE RKR RH 

9°85 ‘BASIC DATA INFUT ROUTINE 

QOU) '3x33€X 3 4€ 3C 3e E E X € 4€ 36 3€ 3€ 3€ 3€ 9e 4€ 3€ 9€ 4€ 9€ 4€ € 4€ H 9€ 3€ 9€ 3€ 

1Ο CLS:PRINT"'"«**xCOMFIDENCE INTERVAL AaBOUT THE STDV**" 
1910 ΕΕΙΗΓΙΕΞΙΙ ΞΕ ῬΤΕΡΞ 

σος Επ ΙΕ Επ. ο“ ο امل‎ 

10250 FRIMI"DETERMIME THE SAMPLE SIZE END THE SS hi r 
DEV. ДЕК ДЫТ 

1040 INPUT "INPUT SAMPLE SIZE, AWD SID. ВЕИТ БИШИ ОЕ 
1044 IF ABSCINT (SNUM) >< >SNUM THEN FRINT" SAMPLE SIZE MUS) ΕΕ 
m POSIT Ive ІМТЕКЕК; TRY AGAIN'":GOTO 1040 

1945 IF ABS(STDY)= -STDV THEM FRINT"Si. een ts setae 
POSIT VIVE] ЕМЕН ROTH VALUES AGAIN! ":sG0TO 194@ 

Doc πι 3:25 ٣٢ КЕРЕ 

1960 PRINT "COMPUTE THE DEGREES OF Επε σος or ٢٢ 

SAM, Si Zee FRIN 

αρα INPUT INPUT THE DEG. OF ЕБЕ ЖИЫНЫ 

1982 IF DFRD« > (SNUM-1) THEN FPRINT"WRONG! TRY AGAIN (REMEMBER 
Όσο ο σετ OR ον ну Бү Ὃν 

1020 CLS:FRIN ASTETE m 

1100 ЕКЕМ ГЕРЕК РНЕ TCE TEL CONFIDENCE 

КЕСЕЛТКЕР ТЕР ШЕШЕ 

1110 IMFUT INPUT THE || OF CONFIDENCE SE E ЕЕС а 
FORM" : DCMF 

1120 IF DCNF21 OR DCNEZUO THEN PRINT THE INFOT SHOUCO ۳۴۳٢7 لل‎ 
DECIMAL МОТ ZX'!' TRY AGAIN':GOTO 1110 

1120 СЕЗЕБИ SOE لا‎ 


U 
Xs uda 


1140 
1150 
1160 
1140 
1170 
1180 


РКІМТ"СОМУЕКТ С ТО ΑΝ Αι ΕΠΑ VALUE (1-C).":FPRINT 
INFUT "INFUT ALFHA VALUE";LSIG 

ІР БӘР = 61 -DCMF) THEN PRINT “WRONG!!! TRY AGAIN": GOTO 
GO له‎ ٢1 ۹٣ 5." 


ΤΙ; ΤΗΣ DEGREES لل‎ TFKEEDUOM IS 50 THEN USE TRE 


‘Z° TABLE TO FIND A VALUE FOR Z¢CALFHA/®S)." 


ο ου ΓΕ Ρα, τπτ οὗ THEN YOU MUST DETERMINE TWO 
VALUES FROM THE CHI-SQUARE ۸ TABLE: X(ALFPHA/2) and 

X (1-ALFHA/2) " ; 
1200 INPUT "WHICH TABLE DO YOU NEED? Z or X";Q0 

1210 IF (DFRD?+20 AND Gt-"Z") OR (DFRDz-20 AND @OF="K") THEN 
Palm) CORRECT" ELSE FRINT" WRONG" 

1220 FOR Is1 TO 200:МЕХТ  І 

m) RETURN 

οσο 'sd*43€x4€ 4€ cc 3 c C 9€ e € 9 36 € 49 Je X 3e C 6 96 3 9 4e 4 κκ 

E "OHI-SOBAKE VALUE INFUT / C.I. CALCULATION (for N«3@) 
1990  'ddedeex € dt e e ede de de ede dt Ye de ge de de Ye 3e e de ge Je Xe e e de ge e e e dede YC 

КОО IF BPLOOGT-"INT" THEM CLS:PRIMT"STEF 5. 
ecw) emi MT SINCE THE DEGREES OF FREEDOM ="; DFRD; "YOU 
NEED TQ DETERMINE X(tALFHA/2) AND X¢41-A€LFHA/2)., " 

={W1@ PRINT"LET‘'S START WITH XK (ALFHA/2) 

fee PRINT “REMEMBER ALPHA/S ="; LS5IG/2 

2920 INPUT "“INFUT XCALPHA/2) FROM CHI-SQUARE TABLE": X1AQLFHA 
2040 XALFPHA=XLALFHA: S2=LSIG/2 

2050 GOSUB 15000 

2060 ЕПОЕ Ісі TO 500:МЕХТ І 

2070 KLIALPHA=XALFHA 

шал СІӘІРКІМІ"МЕХТ ІМРІІТ THE VALUE FOR X¢(1-ALPHA/®2) : 
BenieMBER 1—-ALPHA/2S=":1-LSIG/2 

2090 INFUT. "INFUT xX C1-ALFHA/2) FROM THE TABLE": X2ALFHA 

2100 XALFHA=X2ZALFHA: S2=1-LSIG/2 

2110 GOSUE 1353000: REM **«*COMPARE INPUT VALUE TO TABLE 
МАШЕ зж жае 

Eus FOR І-1 ТО 500:МЕХТ І 

2120 XSALFHA=XALFHA 

fee CLS 

КИШ О УО ТЕ Ез =" ТЫТ" THEN FRINT"STIEP 6." ELSE FRIMT"STEF 7," 
2140 FPRINT"PLUG THE VALUES INTO FORMULA-12 OR FORMULA-14 AND 
ЕЕШЕПШТЕ, ":РБІМТ 

EN SO INPUT “PUSH ENTER AND THE COMPUTER WILL ASSIST": i 

2164 LFT=SQR ( (SNUP-1)*4¢STDV"2) /X1LALFHA:) 

2170 ROT=SCIR CCSMNUM-1) *¥ (STDYV"2S) /X2ALFHA) 

EN RETURN 

TORG ° IER FE E FF FE FE E FE JE JE FE JE FE FE HE c 6 * 4 E j x JC € 3€ 9€ 9€ 9€ € ыж 

279090 ‘STANDARD Z~VALUE INFUT 7 Ü. I, CALCULATION (Ғоғ- М>20) 
2995 ' +++ ede de exe x de de Je de ge 6 e à de Je Je 9e HE 36 96 Je E 3€ Je 9e Je JC 96€ Je X de JR e 

БЕЛЕП CLS:FRTINT STEP 5. continued)" 

ο οἱ. ο νι ЕЕ ІНЕ DEGREES OF FREEDOM =": DARD: "YOU ONLY 
11 ٢ ک١‎ Т ο της ο FROM THE Z-TABLE." 


5020 
10:50 
5040 
2090 


FRINT"REMEMEBER ALPHAa/2z":iLS3S16G/2: PRINT 

INFUT "INFUT Z(AàLPHAa/2) FROM THE Z TABLE"; ZALPHA 
Э2=| 5916/2 

GOSUB 15500:REM ***COMPARE INFUT VALUE TO TABLE 


VALUE 3 * 


5060 FOR I- 


5070 
2080 


1 ТО 500:МЕХТ I 
Cleat eR INS 1 ER ыш 
PRINT"FLLUG THE VALUES INTO FORMULA-1:2 AND 


COMPUTES: RRINE 


090 
3100 
5110 
51-50 
2980 
A985 
5990 
4000 
BIZE 
4014 
4020 


INFUT "PUSH ENTER AND THE COMPUTER WILL ASSIST YOU'";O 
LET=(STDV/ (1+ (ZALFHA/SOR (2*SNUM) ) )) 
RGT=(STDV/ (1-(ZALFHA/SO@R (2*SNUM) ))) 
RETURN 

1 3 x: 3£ E ee Э 
'OLITFLIT. ROUTINE 
кыс 
CLS:FRINT"GIVEN A STANDARD DEV. OF";STDV: 
DF " ; SNUM 

PRINT"THE LOWER LIMIT-z"s:LFT 

PRINT"THE UFFER LIMIT-":RGT:PRINT 


"AND A SAMFLE 


4050 РКІМТІРТ; "< ТЕШЕ ST.DV.<":RGT 

4040 РОК 1=1 ТО 1000:МЕХТ I 

4050 RETURN 

487225 0 rs es a se ss ee cs cs es e a e aa Ер 

ФАЯЗ И 7 ares es sais sas es ar Se vs ees sss ee ee Е ЕЕН БЕБЕ БПИ Е нен дн бж песе ис БАНЕ 

'4eX3 3363€ € 3e 3€ 4€ 3€ 3 3€ 3e 9€ 9€ X 3€ 9€ 9€ A 36 3€ 36 9€ 3€ 0 9€ 9€ 9€ Ce EK HEE €‏ يع ېه 

4840 “HYPOTHESIS TESTING DRIVER 

840 ° HH FE E E HE E EE E FE E E FE FÊ E RHE X € 9€ IC E FF j E E E 9€ J€ X H6 9€ 36 3636 

4320 CLEAR: GOSUBR 20000 

4860 GOÜSUR 900 

4970 IF DFRD« 29 THEN GOSUB 5000 ЕІ БЕ GOSUB 2000 

4375 GÜSURB $300 

4830 GOSUR 7020 

4890 GOSUR Stadt 

49a PRINT: TNMPHT'"SEEECTsS 2=-MENUS ΙΙ ΣΕ ο. με ας 
5.5.5 | 

4910 ON G GOTO 100,4850,160 

4920 END 

4990 dvds ee kde de d € € 4€ € C€ X C X € € € € X X € Y X E E ΔΕ E € € HE E 

49825 “CHI-SQUARE VALUE INFUT AND TEST STAT. CALCULATION 
2 20 ' KK € X X € X € x X e X X € 4C € € 44€ X € 3: € € 3€ 3 € X 9€ E 

αδθι Ξ5ΕΠΙΝΤΕΤΕΕΙ τ Εν; E 

2002 IF OFERXz"z-" OR OFEREX-'"-z" THEN FRINT'SINCE DEGREES OF 
FREEDOM=" ; DFRD; "AND THE SIGN OF ІНЕ ΘΙ ΤΗΕ, Тв <>. ҮС K 


HAVE 


TABLE": FRINT"X{alpha/ 2) 


24210 


TO LOOK UF TWO VALUES IN THE CHI-SQUARE 


and А (1-а1рһах2) ": РЕІМТ 


IF ۳٣٣٣) ٣ت‎ ПРЕКЖ-" ><" THEN INFUÜüT'FLDÜSH ENTER TO 


OM 


OR 


CONTINUE’; G:CLS:GOSUR 2A? ΕΠ: TO CHI SOUARE 
ІМРИТ/СНЕСЕ ROUT INE tet 


-0 15 


Tr OFERS="2 2" OR DPFERT-"»«" THEN GOTO 85110 


БИ se FPRINTVSINGE THE DEGREES OF FREEDOM =": DFRD: “AND THE 
ETSN OF- πα ACI HYF: IS 1: 0PERF; 1 YOU WILL ONLY BE REQUIRED 
TO LOOK UF ONE VALUE IN THE CHI-SQUARE (X) TABLE!!":FRINT 
soos INFU FUSH TENTER TO CONTINUE": Q:CLS 

νυ IF ο Εμ ο THEN FRINTTIN THIS CASE (<) FIND THE 

gi alpha) FROM THE CHI-SQUARE TABLE":S2=1-LSIG ELSE 
RINT IN THIS CASE (>) FIND ΤΗΕ Х(аірһа) FROM THE CHI-SQUARE 
TABLE": S2=LSIG 

J040 PRINT’ INPUT THE VALUE FOR"; DFRD; "DEGREES OF FREEDOM, 
FOR X("3S23")" 

5050 INFUT XALFHA 

5060 GOSUERB 15000: КЕМ ***#COMFARE INFUT VALUE TO TABLE 
VALLIE 33 x 

LASS KLALFHA=XALFHA: XZPALFHA=XALFPHA 

3078 ЕОК Ісі TO 200: МЕХТ I 

К ШЫП CLStPRINI"SITEF 7." 

ESSDOERINT"THE NEXT STEP IS TO COMPUTE THE TEST STATISTIC. 
ПЕЕ 1 а= 1.2) "ЕРКІМТЕРЕІМТ 

EID INFUT "FUSH ENTER АМО THE COMPUTER WILL ASSIST! ":6 
ENE CLS? TST = C (SNURMH1)*(STDV ^2) / MHYF ^2) 

Slee RETURN 

5480 'd«« x33 43-3 د‎ 9 X 3 4c 4€ 4-3 СЗС dX ee KEE RRR RH HER 

ШЕНІ TESI STATISTIC FPRINE ROUTINE 

490) 'adxxaede x Кж تن‎ 

2200 FPRINT'"USINMG THE FOLLOWING VALUES: " 

Same FRINT NULL HYF=" ; NHYF 

meee PRINT SAMPLE Silze=": SNUM 

geo FRINT’ STD. DEV, =" STDV 

mene FAINT PRINT“ THE TEST STATISTIC WILL HE="s; TSTAT 

2200 FOR ісі Т0 1700:МЕХТ I 

ποσα RETURN 

“ΜΒ ΕΝ ας جد بو‎ 4€ 3€ de Ye 4 جد جد جد د‎ Ke qo A6 de e de 3e e 6 J6 JC de de qe e e 26 3e e m e6 de oe o6 3e 

eun 'Zz-VALUE INFUT AND TEST STAT. CALCULATION 

πιο KE E E FE E E E HE € 96 3€ € 4€ 3€ KO 9€ 3€ JC 3e 6 40 X Je dC HK o C db JC 96 96 36 96 9€ Je ΣΣ. 

5000 Γι 5 | 

SEND IF OFENHST-"Z-" OR OFERE=" 5%" THEN PRINMT"SINCE THE 

ο... τς OF FREEDOM =": DFRD: "AND THE QFERATOR OF THE ALT.HYF. 
ν᾿ ΠΗ ONLY NEED TO LOOK UF Z (ALPHA/2) FROM THE 

A TABLE. "”:S2=LSIG/2 i 

BENI SUPELNEI OO OND ОРЕКЕ ><!" THEN PRINT “SINCE THE 
ЕШШЕБЕЕС ОҒ PREEDOM =";DFRDs "AND THE OPERATOR OF THE ALT.HYF. 
BENE لل‎ ONLY NEED TO LOOK UP Z(ALPHA) IN THE 

K |P E": S= SIG 

ο PRINT REMEMBER THIS MEANS THE ALPHA LEVEL YOU NEED 
IS"sS2:FRINT | 

8050 ΤΝΤ Ντ νι ΙΕ FROM THE Z TABLE"; ZALFHA 

SAGA GOSUE 1200605 КЕРІ «ЖеСІОКІРЕКЕ INPUT VALUE TO TABLE 

VALUE #4 

6069 FOR Іс 1 TQ 500: МЕХТ І 

mop eis Pe Ser δι᾽ 


لا 
Cn‏ 
C.‏ 


caga 


PRINT"THE NEXT STEE I5 TO σα πο ЕЕ ИЕ l 


ӘТЕТІЗТЕР, “РКТЫТ 


2090 
5100 
6110 
6120 
6980 
5983 
6770 
7000 


INFUT"FUSH ENTER AND THE COMPUTER WILL ASSIST! ";0 
CLS: TSTAT=( (STDV-NHYP) / (NHYP/SOR (2*SiMUM) >) ) 
XZALPHA=—-ZALPHA: XLALPHA=ZALFHA 

RETURN 

кекке ЕЕЕ ږوز د‎ HF ¥ 
“DETERMINE: ACEEFPT/REJEET LSE NULL I OI; ЕЕ 
кн JC C € X ЭЕ ЗЕ ЗЕ ЗЕ ЗЕ ЗЕ e J Je J JC € JE € X e JE JE C C C E EXE IEEE E 


IF (QFER#="<") AND (TSTATZXZAaLFHA») THEM 


FLAG#="REJECT': RETURN 


7010 


IF (OF ER#=">") AND CTSTAT?X1ALFHA) THEN 


FLAG#="REJECT" : RETURN 


7020 


(TSTAT #*X1ALFHA) >) 


70:20 
7040 
ЕЕ 
ΤΗ 
OO 
6000 
911 (ὦ 
TEST 


DETERMINE IF YOU LAN КЕЛЕС THE n: 


Ὠ {31244 
GATA 
3040 
GATA 


IF (DOFER$z"z-" OR OPERF=" ><") AND CCTSTAT= XSZALPHA) 
THEN FLAGE="REJECT": RETURN 
FLAGF="ACCEFT" 

RETURN 

'o* 3e € 3e de 4€ 3636 36 36 e 3C JE HC HC dC 96 26 36 HERR HEHEHE ERE EHH 

OORT Sea INE 

° 3£ 1-3 ЖЖК X 

CLS: FRINT STEPPER 

FRINT" BASED ON THE RELATIONSHIP БЕТМЕЕМ ТИЕ ΠΡΟ... 
STATISTIC AND THE VALUE(S) OBTAINED FROM THE TABLE, 
HYFOTRESIS.” 


OR 


INPUT "FUSH ENTER TO CONTINUE"; @ 
CLS: FRINT "REMEMBER: " 

PRINT"THE TEST STAT.="3 TSTAT;" 
IF OPERS<¢ 2 "<>" GND ОРЕК >" >" 


П 
х 
{ 


THEN ЕКТЫТ" THE ТЕ ШЕЕ 


VALUE =";X1iALFHA ELSE FRINT'THE TWO TABLE VALUES 


ae Xo 
= s x 


GL PHA: AND'iXIAOLPHA 


اا 
۵ا7/ ә‏ 


INPUT’ INPUT: R-TO REJECT ORTA- ORAT TERT لول‎ 
JF RF "RK" АМО EE УА" THEN PRINT" YOU MUST ENTER 


CAFITAL К ОК A!" GOTO 8060 


GABA 
cou 


LES 


ЇР К#="К" AND FLAG#S="REJECT" THEN | 


PRINT’ CORRECT": PRINT "WE SHOULD REJECT. TRE ΜΗΕΙ. 
НЕ ВРА ЭИУ ЕСЕМ 


8100 


IF Еғ= "А" AND FLAG#="ACCEPT" THEN 


PRINT" CORRECT": FRINT'WE CANNOT REJECT THE NULL 
ېا‎ ٣٣٣٣٢۹٢ 3:٨66 ο 


8110 
8120 


PRINT" WRONG" 


PRINT" THESE VALUES SUGGEST WE SHOULD “τε οι ας τ.. 


НҮШ ез 


81:50 
5140 
Бая 
3990 
B79 a 
90440) 
9(210 


٣ oE τος. COUCE 
RETURN 
FEE FETE HE IE TE EE EE EEE EEE EEE eC M 9E JC CC QE E e EH 
"HYFOTHESIS TEST DATA ΙΡ ٢٢٢٢ ٧٢٢ 

ORC € € € 3C FE ETE IE IE IE ETE FETE JE TELE EEE EEE EEE EE EE 

CLS: PRINT "se YPOTHESIS TESTING FOR THE :لت‎ Pe eee 
FPRINT'd3sdd3Jvcxx3xxxSsS50]L UTIOM STEPS & x3 E x 


NEXT TIMES 


ОСОРЕ ПЧТ ВТЕР 1." 

ο. Επ Ισ οτε THE NULL НҮРПТІНЕСІСЗ.  ":РКІМТ 

9040 INFUT "INFUT THE VALUE OF THE NULL HYP."sINHYF 

mos Close GOler 2," 

9960 PRINT" FORMULATE THE ALTERNATIVE HYFOTHESIS. ": PRINT 
9070 INFUT"INFUT THE OFERATOR ΟΕ THE ALT. HYF.: < (less 
than), > (greater than), OR s» inot equal to)": OFERE 

Pigs IF UFERF: "<" AND OFER#< 2" 2" AND OFERS< +04 >" AND 
Beers se" ><" THEN GOTO 9070 

90984 CLS:FRINT" BASED ON THE OPERATOR OF THE ALT. HYP. IS 
ШЕВ а Ш ШЕ 2 TAILED TEST?" 

SAO INFUT GUA: CLS 

91004 1۳ ها‎ 71 AND QA +2 THEN GOTO 9980 

Peeve Le OFERS="2 z" OR OPERS="s<4" THEN RA=2 ELSE RA=1 

SEU IF RA=RA⁄A THEN PRIMI CORRECT” ELSE PRINT"WRONG" 

yee IP GFERS="2 >" OR ОРЕК =" ><" THEN FRINT" > INDICATES ñ 
TWO TAILED TEST” ELSE FRINT" GR > INDICATE A ONE TAILED 
eo" : 

ES FOR I=! ΤΌ 500:МЕХТ І 

Pee CLEsPRINI"STEP 3." 

mee FRiNT DETERMINE THE LEVEL OF SIGNIFICANCE (alpha? AS 

СШ ЕР IM THE PROBLEM. "sPRINT 

EE INPUT “INPUT LEVEL OF SIG. :LSIG 

КОКО УУ IF LC SIGO: OR LSIG<O THEN FRINT”L. of S. MUST BE ñ 
DECIMAL VALUE BETWEEN @ AND 1.":GOTQ9146@ 

ШЕШІП LLS:FPRINT'STEF 4," 

9130 PRINT"EXTRACT SAMFLE SIZE AND STANDARD DEV. FROM THE 

ΠΕΜ. ІРКІМТ 

EN LUUD TINFUT SAMPLE SIZE, STD. DEV. "3 S5NUM,STDY 

Е ТЕ AESCIMTCSNUM2)O « SSNLIM THEN FRINT"SAM. SZ. MUST БЕ ñ 

ENSTUIIVE INTEGER: TRY AGAIN! ":GOTO 9190 

ЙІ ІР BES(STDV)<+STDVY THEN FRINT"ST.DYV. MUST BE 
FOSITIVEsENTER BOTH VALUES AGAIN'":GOTO 91° 

ҮШ ГІ СЕРЕТИМТ"СТЕР 5.” 

КЕ ИРЕОЧЕ DETERMINE THE DEGREES OF FREEDOM FROM THE SAMPLE 

c t5ndnM.92z.—1 ORS SNUMs "-1).°8RP RINT‏ د 

eee МР Т “INPUT THE DEGREES OF FREEDOM": DFRD 

ЕЙ ІР ПЕК) <2ӨМІМ-1 THEN FRINT”WRONG! TRY AGAIN" sGOQOTO 9210 
pee CLStPRINT"STEr ё" 
ο Εμ" Ττ THE DEGREES OF FREEDOM ARE د‎ THAN zØ THEN YOU 

Pee NEED 16 FIND ONE VALUE FROM THE Z-TABLE. ΙΓ THE D.C.F. 
mu си THEN YOU NEED TO FIND THE VALUE(S) FROM THE 

Mere -OWUARE CX) TABLE." 

Peon [NAUT “WHIGH TABLE DO YOU NEED-Z OR X" CHOICE 

IP CHOICES SST" AND CHOICES "X" THEN GOTD 9260 
9289 IF (DFRD?2@ AND CHOICE#="Z2Z") OR (DFRD«=20 AND 

ου Ες ХІ) THEN PRINT" CORRECT" ELSE FRINT"WRONG" 
9290 RETURN | 

14255, KEE FE E 4€ X FE 3 4€ 4€ Xx IE IEE EE EE HEHE IE ежен E 

14990 “CHI-SQUARE VALUE LOOKUP ROUTINE 


14995 “xww WW ee € X € € € * 
15000 FOR I=0@ TD 7 

15010 IF S2=Z2Z' C140) THEN FIR ZC TD 

15020 NEXT I 

15030 IF PITRA=0 THEN FRINT”ODD LEVEL ШЕ ; ΓΕ; ЕКЕНШЕ 
CHECKING AVAILABLE! '": RETURN 

15040 TVL#=M1ID$ (TABLES (SNUM—2) ,PTRA, 4) 

15050 TL=VAL (TVL#) *.@1 

159050 IF XALFHA<«2+TL THEN PRINT"WRONG VALUE! TRY AGAIN" ELSE 
FRING “CORRECT SERE TEE 

15070 INPUT "TABLE VALUE Абам": ХАРНА 

15080 IF XALFHA< FTL THEN PRINT"WRONG AGAIN! ΤΗΕ CORRECT 
VALUE I19"; TL: XALPHA=TL ELSE FRINT"RIGHT ON" 

1540825 RETURN 

15495 'dxo x4 X € 3€ € € X X 3€ 3€ X X€ 363€ 3€ 3€ 3€ 3€ X 4€ € MN M MC MC 3€ 9€ 3€ 960 3€ 9€ 9€ 3€ 9€ € 
15490 ‘STANDARD Z-VALUE LOOKUF ROUTINE 

15495 رح"‎ 3€3€ 3 3€ 3€ € 3 4€ 3€ Y € € J€ 3€ XC C XC 93€ XC € € 3€ € 3€ КЖ 
15500 πο πο 1 THEN TL=1.282 

15510 IF S2=.45 THEN TL=1.645 

15520 ТЕ ο ο ο ΠΕΡ ЕЕ >. 

IOSD TE ος οι πες τὸ ο 

15340 ΙΕ 92=. 003 THEN TL22.576 

15959] IF TL«1 THEM PRINT “YNO ERROR CHECKING AVAILABLE": RETURN 
15560 IF ?АРРНА“>ТІ THEN PRINT"WRONG VALUE" ELSE 
PRINT “CORREEW БЕ ИЕ 

15570 τπτ CORRECT ΤΕΝ η. 

1558@ ZALPHA=TL 

12290 RETURN 

1998И ° KEE E FF FE FE 4€ € € € XX 4e 3 3€ 3€ 3€ J€ € 9€ E E € 9€ 3 3€ € 3€ 9€ 96 € 96 4 € E 90 36 3€ 5 
19985 C Crii-SDUGRE TSE ORE TEE ON 

12990 ° FERE E E E FE HE EE EEE لد‎ 4€ e Xe X XX 96 d 9€ e 6 хе Je 36 96 3€ 
2Q00U00 DIFSNG A-Z 

zunza ON ERROR GOTO 22000 

хай DIM TABLE (29) 

20040 ҒОК Іс) ТО 29 

20043 READ TABLE# (1) 

AAS NEXT I 

20021. DATA 

а ИЗО ULU. 092320. 570A T00 ATA t 
200952 DATA 
"1.U09]m007.991005.060010.. 50053992 107357289 1 ὑπ; 
20052 рата 
"7Z.170011.250071.60055.720D781.509 4 8p tmc 
AAG DATA 

"202. 70029. 70048. 40071. 1080948. 8901114. 51227.71480. й" 
200595 DATA 
"41.2002525.4u095.100114.501107.009]99 2 290 510 ο 
20026 DATA 

"67. 60087. 200123. 70165.501259. 21444. 91681.27854.8" 
20057 DATA 


"98.90012:3.90169.00216.701406.71601..:1947.52027.8" 


200258 DATA 


"134.40164. 60218. 00273. 7013530. 71773. 02009. 021975.5" 


20029 DATA 
ο ας 290270 00722: J067. 71702. 52166. 625338.9" 
20060 DATA 
"213.60233. 80324. 70394. 0018370. 72048. 
20061 DATA 

"260. 30.05..50581.60457.5019?67. 


ШЕЛІ. 


20062 


"307.4035 
- 20065 
"356. 50410. 70500. 90589. 202236. 22473. 
20064 DATA 

"407.50466.00552.90557. 102368. 52 


20065 


"#60. 10522. 905626, 20726. 102499, 
20066 рата 

"214.:2:0581. 22690.807976. 202629. 
0067 DATA 

70540.80726.40867. 2027538. 
20068 рата 

"ez, 50701. SS: 5. 1099, 002835. 
200659 DATA 

"684. 40763. 210890. 70101 1.73014. 
20070 DATA 
"745.44826.00939.1010835.13441. 
20071 бата 

ΙΟ ΘΡΕΘ.7ΘΙ1 0538. 51157. 15267. 
20072 DATA 

20994. 201098. 2 
20072 рата 

©7206. 901019.61168.91309. 12517 
20074 рата 
"988.601095.61240.11:3984.8:6541.35 


"Le, 


"B64. 


209077 


ШЕЙ, 
20076 DATA 
mle, 21 2197.813584. 
20077 DATA 

ο БЕІН” ОІЛС2/.5161.5.14011.- 
20078 DATA 

ο ου ιο οἱ οσα. 1672. 


20079 


71312,11425.61604.7177U. 
200680 DATA 
6. 14575. 5 
CIAO DIM 77757,1) 
109 FON στὸ TO 7 
FOR JO TO 1 


201123 


7.10440.40 


IIS2.41:312.01461.1.3765.2 


41537. 73888.32 


52520.92518.8" 
02472.52675.7" 
2621.72850.0" 
52758.92981.9" 

92914.12121.9" 
93057.832380. 1" 


5200. 0.5426,7" 


,.35540.92.5571.8" 


63480.53715.6" 


Ecole o 


05756., 62999. 7" 


33.24140. 1" 


- 


14028.942797.6" 


ο ο 


/.641635.84418.1" 


44298.02252325,8' 


.644:31.44692.8" 


oe 24564, 24829.0" 


» 44696, 34764. 5" 


EDO) 


2.247208. 8352 535.9'" 


. 34697 . 95087. 25367, 2" 


20120 READ یم‎ ۶١ ١١ (ل‎ 

20129 NEXT J 

20260") NEXT 1 

20240 DATA 
0.995,1,.99,7,.978,13,.95,19, Du ou Ότο D NEIN 
202530 RETURN 

721980 'd3c3 3 * 3€ 3€ € 3€ 3€ MC € J€ E E E E E E 9€ J€ 3€ 3€ 3€ ЗЕ ЗЕ ЗЕ ЗЕ ЗЕ ЗЕ ЗЕ 9€ 9€ دل د لدد‎ 
219829 ‘ERROR TRAP ROUTINE 

2199090 ° KHK HK ¥ لد‎ 3 HK FE 33€ € € 3€ 3€ 9€ 9€ 9€ 3€ 3€ € 3€ € € 9€ 9€ 9€ 9€ 3€ 9€ 9€ 3€ 9€ 9€ 3€ 3€ 9€ دد‎ 
22000 FRINT"ERROR"; ERR; "IN LINE"; ERL 

Z22020 FRINT"CONSULT OQFERATORS MANUAL" 

212030 END 


cog 


ШЕТ Ελ 9ο ΕΕ 7 

‘DATE: 16 MAY 8S 

2 ασε : THIS PROGRAM IS DESIGNED TO ASSIST THE STUDENT 
IN LEARNING STANDARD FROBLEM SOLVING TECHNIQUES WHICH CAN HE 
ΑΕΓΕΙ ΤΕΟ TO SOVING FROBLEMS RELATED TO LINEAR REGRESSION AND 
ANALYSIS. 

5 “TYFES OF PROBLEMS ADDRESSED INCLUDE THE FOLLOWING: 
“HYPOTHESIS TESTING ON EITHER ALF'HA OR BETA. 

‘FINDING A CONFIDENCE INTERVAL ABOUT ALFHA OR BETA 
‘CALCULATING A CONFIDENCE INTERVAL FOR THE MEAN OF Y AT Xo 
SVE TERM MN ΠΕ LIMITS OF PREDICTION 

“OBTAINING ESTIMATES OF Y WHEN GIVEN X 


J eg 


B CO Y Û Cf + 


ið “ñ SEFARATE GROUP OF SUBROUTINES IS DEFINED FOR EACH OF 
THE ABOVE AFFLICATIONS 

Ep 

12 “SIGNIFICANT SUBROUTINES WHICH ARE USED JQINTLY BY ALL 
AFFLICATIONS INCLUDE: 

15 ‘А DATA TABLE ROUTINE WHICH PROVIDES T-ALFHA VALUES: AND 
A ROUTINE WHICH CHECES А STUDENT'S ΙΝΕΉΤ FOR T-ALFHA VALLIES 
TO THE DATA TABLE. 

14 ° 

1S9 'INFUT VARIABLES: 

LE DOMF-DEGREES ΟΕ CONFIDENCE 

EN СІС-ГЕУЕІ (ІР SIGNIFICANCE 

18 'OFER£-ÜFERATOR tused in HYF.TESTING) 

17 NHYF-VAGLUE OF THE NULL HYFUOÜTHESIS 

20 ‘Q%=STUDENT GUESS RELATING TO ONE AND TWO TAILED TESTS 
21 °“TALFHA=T-ALFHA VALUE ican be input by the student or 
computer generated!) 

ee “A=X VALUE IN THE INPUT DATA SET 

22 “XNAUGHT=VYALUE FOR Xo 

24 'YzVALUE IM THE INFUT DATA SET 

m 

зә “OUTPUT VARIABLES 

27 “AY INTERCEPT IN LEAST SQUARES LINE 

28 ‘“ALOWER/AUFPPER=LOWER AND UPFER С.І. LIMITS ABOUT ALPHA 
EN RISGTATSTEST STATISTIC FOR HYP. TESTING OF ALFHA 

3 'H-SLOÜFE IN LEAST SQUARES LINE 

21 ‘BLOWER/BUFPFER=LOWER AND UFFER C.f. LIMITS ABOUT БЕТА 
КОШ ТЫТА =ТЕСТ STATISTIC FOR HYF. TESTING OF BETA 

55 “LLOWER/LUFPFER=LOWER AND UPFER VALUES FOR LIMITS OF 
PREDICTION 

24 ΤΙ ΞΟΟΜΕΙΤΕΗ GENERATED VALUE FOR T-ALFHA 

35 “SE=STANDARD ERROR 

24 “TSTAT=GENERIC TEST STATISTIC 

27 ‘ULOWER/UUFPFER=LQWER AND UFPFEFR C.I. VALUES ABOUT THE MEAN 
ШЕ” Үс | 

38 ‘XSUM=SUM OF ALL X FROM THE INFUT DATA SET 

Soe AYSUM=SuUr DF XY FROM THE INPUT DATA SET 


261 


40 ‘X2SUM=SUM OF ALL X-SQUARED FROM THE INFUT DATA SET 

41 ‘YSUM=SUM OF ALL Y FROM THE INFUT DATA SET 

42 ‘Y2SUM=SUM OF ALL Y-SQUARED FROM THE INFUT DATA SET 

a t 

44 ‘INTERNAL VARIABLES 

AS ‘ACNF=INTERMEDIATE VALUE IN C.I, ABOUT ALPHA 

46 'BONFZINTERMEDIATE VALUE IN C.I, ABOUT BETA 

47 “FLAGS=ACCEPT/REJEC! CRITEREA (on Null Ayp? 

48 ‘“GALPHA/GBRETA=VALUE OF NULL HYPOTHESIS (clones af NHYP) 
49 'I-LOOP INDEX 

30 'LCNFZINTERMEDIATE VALUE FOR LIMITS OF PREDICTION 
CALCULATION 

Si ‘MEAN=AVG. OF ALL X VALUES FROM THE INFUT DATA SET 

SS ‘N=TOTAL NUMBER OF INFUT DATA FAIRS 

S: “PTRA=FOINTER (used in table look-up) 

54 “QO=USED IN FATH SELECTION 

gu 'üUS-X VALUE 

26 “RA=DIVISOR OF LSIG (always = 1 or 2) 

27 ‘SNUM=NUMBER OF INPUT DATA SETS (equivalent Жо М) 

58 'SWITCHEX-USED IN FATH SELECTION 

509 ‘“SP=NORMALIZED LSIG VALUE 

Sö ‘“TABLE#=T-ALFHA TABLE VALUES 

$1 °“TNUM=MNODIFIED VALUE OF THE NUMER OF INFUT DATA SETS 
62 'TVLS=STRING VALUE FOR T-ALFHA 

бз “XMEANZ=AVG. OF ALL X-SQUARE FORM THE DATA SET 

24 ° 

C FEE ME FE IE FE IE FE EE EE EE EE EE EE EE EEE € 30 de J€ € € € 9e € 3€ 3€ JC Je هلد‎ 

ой “INTRODUCTION TO LINEAR REGRESS TO 

GE ° O he HH E YE FE E FE ee ee Y de e e de e e d e uc e e ss 

100 CLS:PRINT'*****xLINEAR REGRESSION αμα ۷5٢ خو د‎ 

110 PRINT "LINEAR REGRESSION REQUIRES THE USE OF A SER Ie oes 
COMFLEX EQUATIONS TO ETRACT USABLE INFORMATION FROM A DATA 
221 cae 

120 FRINT"A SIMPER TABLE UF VALUES TS ИЕ ЕЕЕ МЕ ТИШ 
TO OBTAIN THE INFORMATION NEEDED TO FLUG INTOA THE 
EQUATIONS!" 

120 INFO) PUSH ENTERS TO 0  - 

140 CLS:FRINT”THE FIRST STEP IS ΤΟ SET UR SOR ГАЕТ ЛАШ 
DETAIN VALUES FOR: " 

i20 PRINISXSOUMS I SHE 

164 PRIMI ο ο ы ГЕ 

170 FRING ΕΤΕΙ 

1860 INPUT"PUSH ENTER AND THE COMPUTER WILE ASSIST yeu ee 
190 GOSUB 20000: КЕМ *** INITIALIZE TABLE DATA#** 

ВЭЙ ° FR FEF E FR oce dec e CN C 9 C XC aC XC Ae Kee de XXe e Ke Ke Je dede 

395 “BASIC DATA OUTFUT {INCLUDING ΤΗΕ LEAST-S@UARES LINE) 
900 CLS 

910 XSUM=G@:s X25UM=@: YSUM=2: YOSUM=0: XYSUM=@ 

1099 GOSUB ZANO: FEM *#*#*INFUT DATAx** 

1155 IF Nz4 THEN FRINT"YQU NEED МОКЕ THAN TWO DATA 


ee 


РАІК5! ": ЕМО 


1010 
10:20 
1050 
1040 
1050 
1060 
1070 
10080 
108.2 
1084 
1082 
1090 
1100 
1110 
1120 
1150 
1140 
List 
1160 
1172 
ο 
1180 
1980 
1985 
το 
2000 
2010 
2020 
2023 
20:20 
l4 8 
20350 
2050 
2070 
2080 
2090) 
2100 
2110 
2120 
2124 
2140 
2110 
2160 
2170 
2480 
24825 


GOSUR 2790: REM **x*xCALCULAÓTE VALUES FROM INFUT DATA## 
CES АТЫП oU xU SUM s Y SUI 

PI ISNI SSMS" X2SUNM 

ERIEINTOSY^Z2SUNS' s Y29UuUl 

FRINT"X*YSUM-"'"s; XYSUM 

822 لک ده د‎ -SQUARES LINES  παυστ τσ + ths ok" 

PRINT" WHERE a="; A; "AND b="; EB 

INEUT "EUSH ENTER TO CONTINUE"; 

' 3€ 3€ 9€ 9€ 3€ 3€ 9€ 9€ € 3 3€ 9€ 9€ 3€ 3€ 9€ 9 39€ 9€ J€ 3€ Je 9€ 9€ 9€ JE 3€ € € 3€ 3€ 9€ 3€ 9€ 3€ 3€ 9€ 9€ 3€ 

"TOTAL PROGRAM MENU SELECTION 

! CC X He ЕЕЕ Жы ЖЖЖ 

CCS:FRINT TAR(13): "MENU" 

Se TT ESTES Ы! 

PRIN 22 GONE INT. (for alfa or beta)" 
PRINT- CONF. INT. (mean Of Y at хо)" 

FPRINT"A-LIMITS OF FRED." 

PRINTIS ESTIMATES OF y WHEN GIVEN x” 

PRINTES EXIT. 

ΠΗ, SELECTIONS 

ON 0 GOTO :30400,4000,5100,6000,7000,1190 

END 

MENU 

τ; EE REEE E E E E EE E E E E E E 636 

"DATA INFUT AND DISFLAY 

' X3 4€ 36-4 X X JC JC E 9C 6 I QC Y Je Je X Je HC O0 € JC € Je H6 3€ 3e 96 JC € € XX 

IN 1 

PRINTG@,"INFUT X"sNs"(-999 when done)" 

INF UT X 

E oe TEEN RETURN 

FRINMTG4O,"INPLUT Y'"siN; 

IMPUT Y 

٢٣٢1۱٢) ۱) "Хы‏ :د انا 

ЕИ у"; 

l I Ах Us 

БОЛЫН тта: 
FRINTG228,"X*Y's 
кыта l 20 ., X: 

ο οι αν. 
FRIMTG240,X^2; 
FRINT3294,Y^2s 
[EDS Sg XY. 


GOSUE 
N=N+ 1 
БОТО 21210 

"езе Зе эе ЗЕ ЗЕ ЗЕ XE XC FE HE FE HE E XC E C HE E HE HF eX Je He Je Jede Ke e Je e 3€ E 
“BASIC DATA COMPUTATIONS CINCLUDING STANDARD 


2300 


ERROR AND 


LEAST~SQUARES LINE) 


2490 
2500 


' پرپړ‎ X X Me ge e dC X e e d X C Кын 6 
X SUM- X SUPM-4 X 


2510 
2520 
2530 
2540 
2550 
2750 
2760 
2770 
2780 
2790 
2970 
БЕЛЕ 
2980 
2985 
2990 
2200 
5010 
220 
2450 
5240 
2050 
S04 
5270 


080 


X 298UM-ZXZSUuM-X^2 


YSUM=YSUM+Y 


Y29UM-Y2S9UNM-*Y^z 


XYSUM=XYSUM+ (X*Y) 


RETURN 


N=N-1sMEAN=XSUM/N: XMEANS=MEAN* 2: SNUM=N 
E= GOXYSUM-XSUM*X YSUM) / CHE XZSUM-XSUM^2) 
A= CYSUM- E XSUM) /N 
SE-ZSUR (CY29UM- à YSUM-B3* X YSUM) / CN-2)2) 


RETURN 


منیو — — чини сиир равая тавал павал ad Ld «ος meeer soona -- — r сити s s — оче әдәм‏ منود 


΄ م س کک ا ا‎ 000-0 таал рава a + sa ss s s G s CO s — s — s s m s r < s w s s  — s s s w s = 
` —— —— = —— = s m — — u f w Ñ = x s m тала өтіне سي سی‎ — m m w x — s a s x a s r 


ee € M 3 € M HF HE HE C Je X CIC JE XE Je JC e Ie e e Je ee E E Ee 
"HYEPOUSESISOMESDLIMSUPI S EIC 
' eee dede x de | de ede ee 9 4 € 4 43ó e Y c € Y € ¥: E: 
CL S: FERINT' a3x3exoexxxHYFPOTHESIS TESTING*sdd33dxx*' 
FRINT"WOLULD YOU LIKE TO TEST alfa OR beta?" 
"A-FOR alpha:B-FÜR beta"; SWITCHE 


INPUT 


GOSUB 3100 
SWITCH 


TS 
GOSUEB 
GOSUB 


FRINT:F RINT" SELECT: 
TESTING; 


INFLIT 


5500 
2600 


(3 


= 1 ZA H 
= 


THEN GUSUE 3G ELSE 


1 MENU 


4090 ON 0 60Т0 1090,2000,;900,1180 


2092 
2096 
1097 


ЕМО 


(same data); 
A-TUO ENTER NEW DATA SET; 4-EXIT"; 


GOSUR 9200 


2-МОКЕ Е 


"FETE EEE IEE КЕ Кк 


“DATA INFUT ROUTINE 


FADE кк ЕЕ 63 36 39) C3 a JE E XC 36 9€ JC X 36 9€ 3€ € 2€ € 3C 90 2 3€ 2€ 
(^CLSs:FPFIXIMT 33 3 33€ 33 x«oGDLUTION STEFGSasoa3a* 3*3" 
FORMULATE ΤΗΕ NEC ТЕ ЕТЕ Е ЗА Н 


3100 
21025 
ШІ 


PRINT"STEP 1. 


FRINTs INFUT 


"INPUT VALUE OF THE NULL HYP. "3 NHYF 


FORMULATE THE ALTERNATE HYFOTHESTSES 
4 (less 


NEL ) 


HYF. 


AMAL со)” ЕБ Г 


AND 


ELSE RA~A=1] 


(QR ERE< >! بخ‎ 


“BASED ON THE OPERATOR DOF THE هآ ام‎ 


EL SESISESDRLT 


A120 GALPFHAAazNHYF:GEETAÀSNHYF 

cope ο, ΕΙ ΤΟΤΕ 5. 

12A РКІМТТІМЕШТ “IS THE DFERATOR OF | c p =i. 
than), igreater than) ۳ NOT 
Sloe IF аРЕЕ УУС О САНО ЕЕРЕЕ 
THEN GOTO 20 

214 IF ОЕЕК# =" " ПНЕ Ки 

5140 MOL See DT 

THIS ATTORE ens 77 

oa ТЫРЫ اا‎ CLS 

cito LET oND αι ο THEN COTO τα 
2160 IF Ε/-πα THEN PRINT CORRECTE 
TSURR Y= TNCORREE i ٠٢ 

1ο ТЕМ ОРЕК = е БЕРМЕГЕН 
TEST’ ELSE ERIN ٤ E 

2168 FOR l= το ος Ε.Ε τι 

σα 7 FRIN SIE ٢٢٢ ل٢‎ 


244 


INDICATES A TWO 


НҰР. 


να 


L3 


πα μα 
[INDICATE A ΟΝΕ TAILED ٠۳٠ 


DETERMINE THE LEVEL ОЕ 51:11 م٣٢‎ 


(ALFIHA) 


75 


AS STATED IN THE PROBLEM" 


FRINT: INPUT "INPUT LEVEL OF SIG. «(always a decimal 


Value) "sLSIG:S2=LSIG/RYZ 


2180 


I ECSITC:  0OS0R LSIG- 1 THEN GOTO 3147: 


5190 CLS:FPRINT"STEF 4. DETERMINE FROM THE TABLE THE PROFER 


T-ALFHA. REMEMBER TO USE THE RIGHT 


DEGREES OF EREEDON 


Whee) se PRINT 


3195 PRINT "FIND THE T-ALPHA CORRESFONDING 
TO";LSIG/RA; "WITH";SNUM-2; DEGREES OF FREEDOM" 
3200 INPUT “INPUT T-ALFHA VALUE"; TALPHA 
3210 GOSUB 15000 

215 FOR I-1 TO SOO:NEXT I 
3220 CLS:PFRINT"STEP 5. THE NEXT STEP IS TO COMPUTE THE TEST 
STATISTIC. (Formula-15)" 
2221 FRINT "PUSH ENTER AND THE COMPUTER WILL DO IT FOR 
You. 
3225 INPUT Q 


oe, 
Sam! alow “eon! 


3480 
3485 


CCS ARE TURN 
"IE EEE € Xe Je Y K Je 2 Je X XC IE € e Je E ЗЕ ЭЕ E E E E E FE E E HK: X Re 
' DETERMINE WHETHER TO ACCEPT DR REJECT THE NULL 


١ ٤35 


5490 
ات . 


EERE EEE REE COE JE HE E E JC JE HF E E E E Je Ye CE 3€ 
IF (OFERS$-"z") AND (TSTAT=-TALFHA) THEN 


FLAG#="REJECT": RETURN 


5210 


ІБ (ПРЕНЖ-" >") AND (CTSTATSTALFHA) THEN 


FLAG#="REJECT" : RETURN 


cU 


νους ος 


ΤΗΕΝ 


JJ 

3540 
280 
2269 
3290 
2600 
2605 
LEST 


LETERMINE IF 


E 
20 
ЕЛЕС 


630) 


BEUBRECT":PRINT"WE 


TAE, 


2004 


"CORRECT" :FRINT "WE 


A640 
3645 
2230 
A97U 
EOS 
2980 


IF (OPER#="2<") AND (CCTSTAT<-TALPHA) GR (TSTAT?TGLFHA) ) 
FLAGE="REJECT": RETURN 

FLAG#="ACCEFT" 

RETURN 

' 4e 3C 3€ 4€ 3€ 39e 3€ 9€ 3€ 3€ 3€ 3€ 9€ € 9€ 0€ € 3€ FE e C XC 9€ 3€ 2€ 960 36 3€ 3€ IE 9€ жж 

‘OUTPUT ROUTINE 
кк ee ee HE 30 

CLS 
PRINT"6. BASED ON THE RELATIONSHIF BETWEEN THE COMPUTED 
STATISTIC AND THE T-ALFHA VALUE OBTAINED FROM THE CHART 
YOU CAN REJECT THE NULL HYPOTHESIS. " 
PRINT"REMEMBER, T-ALFHA="s3 TALFHA: "TEST STAT="3 TSTAT 
INFUT "R-TO REJECT OR A-FOR ACCEFT';R#:CLS 
ΙΕ RJ b R" AND Rd" A" THEN GOTO 3619 

IF Rf="R" AND FLAGE="REJECT" THEN FRINT 
SHOULD REJECT THE NULL HYF." 
FLAG#="ACCEFT" THEN FRINT 
CANNOT REJECT THE NULL HYF. 


: KE TURIN 
IF R#="A" AND 
"sRETURN 
PRINT" WRONG" 

ii j ES VALUES SUGGEST WE SHOULD " 


PRINT BETTER PUP МЕЛ (bile: RETURN 


۵5 اع : 


$598» CORO priyo CFS SETS FETS وسو‎ s s w ` w w w a s w s e m w s “+ ° Ó FERED HIL HLS ښه‌جډو‎ HHS me میسق‎ SERED PRET? BEETS FETS ETS “s ορ. 
uw wa w w r w w r s s r u a Í m w  - vf w" wí f u * w w < مس‎ 


' C 4e 4e 4€ € 4€ 36 Y 3 3€ 36 ge € HE 6 de Je e E 96 € 3e 46 X 9€ δ ἈΚ ἈΞ ΚΕ Ye ge Je de e e oe dede 


سح عم 
لت لتا نند 


2985 ‘MAIN PROGRAM AND BASIC DATA ENTRY FOR CONFIDENCE 
INTERVALS ABOUT ALFHA OR BETA 

090 '3 33 3 9€ 1€ € C€ 3€ C€ J€ € 9€ J€ J€ € € J€ 9€ J€ Je Je ЭЕ ЗЕ ЭЕ ЗЕ ЗЕ ЭЕ ЭЕ ЗЕ ЗЕ ЗЕ ЭЕ ЭЕ ЗЕ ЭЕ ЗЕ ЭЕ ЗЕ ЗЕ 

4Qüu0 CLS:FRINT'"*CONFIDEMCE INTERVAL (for alpha or 

Брока) ЕЖЕН 

4010 РЕІМТ"СІ FOR alpha OR beta?" 

4020 INFUT "INFUT A-FOR alpha: BH FOR beta";SWITCH 

4040 IF SWITCH#< ="A" AND SWITCHtTz-"B" THEN FRINT"EMTER 
CAPITAL А OR RB'":GOTO A010 

4050 CLS:FRINT"STEP i. DETERMINE THE DEGREE OF 
CONFIDENCE REQUIRED (usually stated as a %4 in the 
problem) ":PRINT ! 

4940 INFUT "INFUT THIS VALUE (in decimal form) ":;DCNF 
4070 IF DCNF?1 OR DCNF«@ THEN GOTO 4069 

4080 CLS:PRINT"STEP 5. CONVERT THE DEGREE UF CONF. 
REQUIRED TO A LEVEL QF SIGNIFICANCE (АЕНА ? 

(AL PHA=1-D.c0f Cf.) "SsFPRINT 

4085 INPUT" INFUT THE LEVEL OF SIG. (always a decimal 
valuar L SIG 

40925 $2-2L810/2 

4100 IF LSIG -1-DCNF КОЕБУ ВЕСЕ а Ы 
PERINT"WRONG':YOLI CHECE. YOUR MATH AND TRY AGAIN": GOTO 4085 
4110 CLSs+PRINT"STEP 3, USING TABLE TT; FIND ΤῈ ΙΓ; 
Т-АЦЕНА VALUE. ‘remember the degrees of freedom=(n-2) sin 
this case DFRD=";SNUM-23") (also since all CIs are two 
tailed, divide vour level of sig. by 2:in this case 

Lo Tis mS 

412@ INFUT "ENTER THE TABLE VALUE (TALPHA) '"s TALFHA 

4120 GOSUB 13000 

414@ FOR Ісі TO 50805: МЕХТ I 

4150 CLS:PRINT"COMPUTE THE CI INTERVAL. (use 

formula-LG) “sPRINT 

4160 INMPFUT"PLUSH ENTER AND THE COMFUTER WILL DO IT FOR 
YOU ΠΡ 

4170 GOSUB S000 

4175 'xX-3xXxxxxOUTFUuT EROLIT I NE эеэ 3e 3 3 4€ ¢ 

4180 CLS:FRINT 

4190 IF SWITCHS="A"THEN PRINT ALOWER: "< alpha <"; AUFPER ELSE 
PRINT, BLOWER: "= BETA = ΕΕ Ισ 

4200 FRINT: INFUT "SELECT: 1-MENU (same data): 2-MORE CIs; 
J-NEW DATA ENTRY; 4-EXIT"; 

4210 ОМ б СОТО 1i1090,4000,9000,11890 

4224 END 

O 70 eee ec سا‎ ec шшш = шшш re 

SP z a = тл == 

CAQ) '3 33 3c 363€ 9€ € € C€ € X€ 3€ 0€ 9€ JC 9€ 90€ 9€ 9€ JC 9€ 9€ 9€ X € NC CE MO E € E € 

JABI “MAIN FROGRAM AND DATA ENTRY FOR CONFIDENCE INTERVAL 
ABDUT ΤΗΕ MEAN OF Yo 

OG ° KE FH FE YE FE E JE E J E 4€ 3€ 3€ 9€ 3€ 3€ 9€ e HC X JC€ X 3€ 9€ 9€ 3€ 96 9€ 4 J€ € 9€ € 9€ X 

3100 CLSs:PRINMT"«**CI FOR THE MEAN OF Yo WHEN GIVEN Хожж" 


266 


2110 FREINT '33(3€ 36363 3c 3€ 3 3€ 3€ 3€ 4€ 3€ 3€ € 3€ 4€ 9€ 3€ € 3 € E Je 3€ 9€ € 9€ € 3€ 3 HEHEHE !! 

ШЕЛ EFRINTIVALUES NEEDED: ", "STD. ERROR" 

3150 FRINT"T-ALFHA VALUE", "A and EB" 

NAO ЕЕ SS GUM", "X=SUM T2" 

5150 РКІМТ"Х-МЕАМ", "Хо" 

ШӘЙ INPUT "PUSH ENTER TO CONTINUE”; © 

Μι CCS: FRINT THE ONLY NEW VALUES TO DETERMINE ARE THE 
VALUE OF Xo AND THE PROFER T-ALPHA VALUE" sF RINT 

ο. PRINT STEP 1. EXTRACT THE VALUE FOR Xo FROM THE 
ШӘШЕГЕМ, "“РКІМТ 

3190 INFUT “INFUT Xo"; XNAUGHT 

КООР Зз ЕКТЫ "Б ТЕР 2. DETERMINE THE LEVEL OF 

SIGNIFICANCE FROM THE GIVEN DEGREE OF CUNE IDENLE REQUIRED, 
(remember the Emo l the deg: 9f conf.) PRINT 
3210 IMFUT "ENTER THE LEVY. ОҒ SIG. (always a decimal 
value!) ”; LSIG 

ED IF LSIG:1 ον 161520 THEN GOTO 5210 

uU 9 5?-L5IG/2 

Em Os ЕТИП τες ШЕТМЕ ТЕБГСЕ II; FIND THE РЕОРЕН 
T—~ALFHA VALUE. (remember the degrees of freedomsiN-Z5»:in 
this case DFRKD-2'":iSNLUM-2:'"5(also, since all CIs are two 
tailed tests, divide your level of sig. Бу twosin this case 
es. 152: 2 SPRINT 

2240 INFUT "ENTER THE TABLE VALUE T-ALPHA";: TALPHA 

2250 GOSUE 15000 

3258 БОК Ісі TO S@@:NEXT I 

ШЕШ DCLSs:FRIMT"STEP 4. COMPUTE THE CONFIDENCE INTERVAL USING 
СЕБИШ А-а" FRIMT 

Seer INU) “PUSH ENTER AND THE COMPUTER WILL ASSIST! ":& 
τ: СОСІН 97/00 

ИРЕ ЕРЕКТЬИГЕТЕНТЫТ ULOWERs "= Yo = “;UUPFPERSFRINT 

210 INFUT "SELECT: 1-MENU (same дата); 2-NEW DATA ENTRY: 
EXIT": 

ій ων O GOTO 1070 ,5900., 1180 

noun END 

Т с а а-а а а ыс Soe Ss Ss ee Se 

ο τα = = = = = = = = x= = = = = = — = z = = = = = = — = u Әса Шаа — = Z — = = 

Об) ° E E E E e E E FE KE JE E HK JE JE JE E E HE KO KO E FE E KE E JE E E JF HE HE e Ke de Ke de d 

59859 ‘MAIN FROGRAM AND DATA ENTRY FOF THE COMPUTATION OF THE 
meas OF FREDICTION 

πισω “ххх кк E E E E E FE HF E KE E KE EEE EE و‎ 

ОВЕС ЕЕ ЕЕ ШЧ икии ие IMI ITS OF PREDICTIONS #24 exe eee" 
eee PRINT THE COMPUTATIONAL SIEFPS ARE IDENTICAL TO THE 
DEVELOQFMENT OF A CI ABOUT THE MEAN OF Y. (in this case 
however, formula-i93 is used) "sFRINT 

eee INPUT ‘FUSE ENTER TO CONTINUE": Q 
РЕЕСТЕРІ DE TERMINE AO FROM THE PROBLEM. "sFRINT 
6444 INPUT" INFUT Xo"; XNAUGHT 

ΙΙ 15 ΙΕ: DETERMINE THE LEVEL. OF 

SIGNIFICANCE NEEDED. (remember L.0.5.=(i-deqree oat 


= 7 


confidence)": 


PRINT 


5060 ІМРОТ "INPUT THE LEV. OF SIG. (always a decimal 
value!) ”: LSIG 

6965 IF ГБІБ5>І ПОК Οτο  ὁ THEN GUILD EUS 

شش /تاه ده 607/0 

6080 CLS:FPRINI "STEP 5. FIND THE Επ Ες Γι οι CP ЕРШ 
TABLE II. (degrees of freedom=(n-2) or in this 
case";SNUM-2; "(remember to account for both tails you must 
divide the LEV. OF SIG. BY TWO, in this case 

τος ο‏ = وا وا 

9090 ІМЕОТ "INFUT T-ALF'HA"; TALFHA 

41@@ GOSUB 125000 


5110 
4120 


INTERVAL USING THE FROFER FORMULA. 


6120 
5125 
5140 
91520 
5150 


FOR І=1 ТО 500: МЕХТ 1 
CLS:PRINT"STEF 4. THE FINAL STEP IS TO COMPUTE 
(Formula h 


ΤΗ 


GOSUBR 9850 

Εμενα κα. 

EKIN THE FREDICTIN ЫШТЫ AREK 
FRINT"LOWNER=" § LLOWER; "UPFER=" ; LUFPFER: FRINT 
INPUT"SELECT: 1-MENU (same data set); 2-INFUT NEW DATA; 


SEALT Ы 


6172 
4976 
ӨЗДЕ 
2980 
5985 
WHEN 
5990 
7000 
7210 
WITH 
7020 
70-50 
7240 
2820 
7970 
ОЕ 
7980 
VES 
ЖЕЛІП 
3020 
2020 
3a 
cuu 
auo 
39200 
νυ 
TEST 
899@ 
Q (gQ 


ON О GOTO 1090,9090,1189u0 
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OK Ke CX e JC 9e JC C 30 Je e Je 3€ JC JC € J Je JC C Je Je Je de JC C X HE E XC JC ЭЕ ЭЕ XC He IE E 

‘MAIN FROGRAM AND DATA ENTRY TO FIND AN ESTIMATE OF Y 
GIVEN X 

"ἠὲ ας πας Je cC CC A CR KC KE Ke JOE HE E C E JC e Je Ke I He e JR e E FE E JE KE KH JF ΣΚ 
CLSOsPRIMT"secxxw*xESTIMATIES ОЕ Y WHEN GIVEN AX SEXE 


PRINT" SOLUTION: SOLVE THE LEAST~SQUARES LINE EQUATION 
THE GIVEN INPUT FOR X. 

PRINT"Y-hat="; A; "+"; B; "X" 

INFUT "INPUT X";Q5 

PRINT" Y="; A+B#05 

FOR I=1 TO 1600:NEXT I:GDTO 1090 
“ЕККЕН e dae de ЖК еі 


“COMPUTATION THE С. І. ABOUT A AND E 

' ede dede Ke de e qe Ye FE FEE IE EE JE IE JE EIR FE FE FEE IEE Ae Je Je e EE EE EE de 
ACNF=TALFPHASSE#SOR (¢C1/N) + (N¢XMEANS) / (Ne XSSLIP-X SUM Ὁ) 
ALUWER=A-ALNF : AUF FER=At+ACNF 

BCNF = (TALFHAXSE) /G0OR Πεκ SOM ASER К 

LOWER = ΕΙ ΝΕΟΙ ΙΤ Επ eee ٢ 

RE TURN 

! ege ode de Ke de Me dec HEE RIE TE e Je Jé Je e 36 ede C RC Me Je MO J€ € X X e Xe 9 
"COMPUTATION àND DISFLAY GF THE TEST STATISTIC FOE 
ОЕ АЕНА 

Ge ge X Je KK de JE GEE EE Je IE IE TE IE TE КЕК οκ 

ATSTAT= (A-GALFHA) / (SE 


ahis 


HJ 
С^ 
ІЗ 


*#SQOR CCL/N) + (N#XMEANS) / (N¥X2S5UM-XSUM"2) )):TSTAT=ATSTAT 
Aro CES: FRINTIGIVEN THE FOLLOWING INPUTS" 

poe FRINT NUE HYF =12; NHYF; 21 SAM SIZE ="sSNUM 

ШЕЛ PRINIT"STD.ERR. ="; SE" X-SUM ="; XSUM 

9040 PFRINT'Xx^2—-S5LUM-": X25UMs " XFIEQNZ" ¢ MEAN 

OSS PRINT THE TEST STATISTIC IS ="TSTAT 

2060 FOR 121 ТО 1500:МЕХТ І 

9070 RETURN 

OQ4gU '*e c * E E 3€ 3€ € € E 3€ 9€ 9E 9€ € HC 9e 96 9€ 3€ 9€ 90 9€ E E 

9485 ‘“COMFUTATION AND DISFLAY OF THE TEST STATISTIC FOR HYF. 
TEST OF БЕТА 

90490) “ххх ЕЕЕ 

9200 

BTSTAT=( (B-GRETA) /SE) *SOR ( (N#X2SUM—-XSUM"2) /N) s TSTAT=BTSTAT 
Perey CLOSE RING (GIVEN THE FOLLOWING INFUTS:" 

9520 PRINT"NULL HYF z":NHYFP;" SAM SIZE =":SNUM 

mem TRINT SID. ERR, =": 5SE:s" κ: ΚΞ 

9344 FRINT' X"2-SUM="3 X2SUMs; "XMEAN="; MEAN 

meee FRINI THE TEST STATISTIC IS -"TSTAT 

Pood FOR I=1 ТО 1500:МЕХТ I 

E RETURN 

9 7 'de*33€ FE HE FE FE EE dg x € € FE FE JE 4€ Je 9€ J€ € 36 Je X de E 06 36 9€ X J6 X Je 1€ € Je de X 

9759 'COMHPFUTATION OF THE C.I. ABOUT THE MEAN OF Yo 

9/40 κκ FE FE E E E E E € J€ € Y 3€ X 3€ J€ € € X X 9€ € 9€ X X XC XXE MC Je κ. € de X 

9750 

UCNF 

TL F 

ASROEXSORGCI ZND) t CON COXNAUGHT -MEON) 7^2) 2) /Z XN X ZSUM-XSUM^2Z)2) 
9760 ULOUWER- (Gt EX XNOLIGHT) —-LICNE :z ULIPPER- CAa--EX XMALUGHT) ΕΙ ΙΓ ΗΕ 
97 RETURN 

ος σα ‘жж e dee )e de e 3e J€ e C Je Je o6 ЭЕ C FE € Je He Ge Ee Je MC PC زاو‎ Je de Je de 

poe "LOMFUTAGTION OF THE FREDICTION LIMITS 

оңай ‘жна ЖЖ de de ee de ede de Je de YC de Me Je e Xe 30 96 3e € 36 4C Xe Je Je 3 X € Je 

gown 

ШЕГІР 

TALF 

πε επι (1/N) + (N*( (XNAUGHT—-MEAN) “2)) 7 (N#X2SUM—-—XSUM™2) > 
9360 LLOWER= (A+B*¥XNAUGHT?) -LCNF s _LUFFER= (A+R #XNAUGHT) +LONEF 
БЕРІ RETURN 

14980 ° FEE E HE E E E E E E YE E E E E E E E E IEE EE EE IEE EEE RE EE € 

14983 COMMON TABLE LOOK-UP ROUTINE 

14990 ° KS EEK FF E E E FE FE HE YE FS FE ede de dede dedo dee eed de dede dede e ge de de E 

mee IF See. i THEN FTRA=1] 

15005 IF S2=. 05 THEN FITRAZ=4 

fool! IF aa WAS THEN FTF2Z=11 


15015 IF S2=.0@010 THEN PTF7Z=1& 

19020 ІР 52=.005 THEN PTRA=21 

ES ο ο ο ΠΕΝ ΕΠΙ "ODD LEVEL UF SIGNIFICANCE: МО 
БЕРСЕ CHECEING AVAILABLE" : RE TURN 

15020 IF SNUM?S231 THEN TNUM=21 ELSE TNUM=SNUM 


ο. 


15035 ІМІЖ- MID#¿(I6GEL ES ( rNUFI= in (٢ 

15040 TL=VAL (TYL) 

15043 IF TALFHA< >TL THEN PRINT "WRONG VALUE TRY AGAIN! !" 
ELSE FRINT “CORRECTS E TURN 

15050 ІМРОТ "INFUT T-ALFHA VALUE (LAST CHANCE) '"; TALPHA 
τυ CLS 

15@60 IF TLe:TALPHA THEN PRINT "WRONG AGAIN!! THEN CORRECT 
VALUE IS": TL: TALPFHA=TL ELSE PRINT "RIGHT YON? 
15063 RETURN 

19980 ° FH E E IE IE IE EEE EEE EE IEE EE IEEE EEE EEE EE EE EE 
19985 ‘TABLE DATA 

19990 ° KHK FH HK HE E FE E E E E E E E E E E FE KE E E FÊ E E E ЕЕЕ 
20000 DEFSNG A-z 

20020 ON ERROR GOTO 22000 

eus DIM TABLEZX:(29) 

“4260 FOR L=@4 TO 29 

READ TABLE? (L)‏ دن لالا- 

NEXT L‏ یا اه 

20071. DATA "3.0786 ο ον οτι ο. - 

«007: DATA "1.8962, 9204. 2026 ο کل‎ 

2007A DATA “1.6302. 20.22. ως να ον σα... 

20074 DATA "1l. S22. 13S2. 776 7474. 544" 

20073 DATA U 1.484762, ТЕТКА. соси 

20076 Бата "1.4401. 9432. 4473. 1433. 707" 

20077 DATA "1.4131. 899532. 3632. 7783.499" 

20078 DATA 1. 33971.8502 ος ο ο "د‎ 

μι ЧУ. БАРБА "ушы eee للها ال يريو سر کت‎ 

"6 کن 7 لص لر ولک 147201 “θεία DATA‏ 

2090681 рата ND S whos p oe 

20082 DATA са УВА ТО СЕЕ دلا‎ р 
Jaag DATA "1.3501. UM Tao Toc η, 

AAG DATA "1.23421. 7o12. 142E. C242. F7 27" 

лене Бата Е Баби ae Soe ال‎ 

AAG DATA эти Оа لاله دال لا‎ τοι. 

20087 DATA "1.2331. 7402. 1102.5672.8998" 

11317 pala ٢ دد‎ σας σι نن‎ ک٢‎ 

IAI Vel و۱‎ 52812 05 ο ο. 

жаласа рата 2201. OOO CGS 

μασ ١ DATA. ese ole 72 te ل0‎ ЕСЕ 

لر OB c‏ 7:۹ ه772 DO T STi Salli‏ 2 وه 

AAT. DT "1.233191, 7132-0692 SQ εσυ. 

20094 DATA "1.Z181.7112.0642. 4922. 797" 

хаас: РАТА "1.516015.7082596] Ίο; 

AAAS DATA Ὅτ. πιο ζω οι ο сх 

20027 DATA “1.3141, /O22. 0522. 47 ce ee 

22098 DATA “1.5151. 701 2. G482. 46722724 

AAT DATA “1a 3111.565992.: 0432.462 M A 

20100 DATA "1:2821. 6431:7602. 3262. 976" 

20103 RETURN 

κ ο ERE FE E KE JE E E IEE EE EE e Je 36 de 3e dee Xe 36 3€ 


21985 ‘ERROR TRAF 

21996) ' 3c Эе € c c 4e 39€ 9€ e 4€ 9€ € € 3€ € 9€ 9€ 9€ € € 3€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ 9€ X 9€ 9€ 3€ 
БЕРЛІ FRIN ERROR: ERK: “IN LINE" ЕКЕ 

22010 FRINT" CONSULT OFERATORS MANUAL": END 


TITLE: MODULE ع‎ 

‘DATE: 2@ ARR 85 

‘PURPOSE: THIS PROGRAM IS DESIGNED ۱٢1 25518 ل٢‎ s bpr 
IN SOLVING MULTIPLE REGRESSION AND CORRELATION FROBLEMS. 

3 ‘SFECIFIC APFLICATION SUBROUTINES INCLUDE: SIGMIFICANCE 
TESTING FOR THE COEFFICIENT OF CORRELATION; CALCULATION لل‎ 
THE COEFFICIENT OF DETERMINATION; AND ESTIMATION OF THE 
VALUE OF Y WHEN GIVEN TRE CORRESPONDING X VALLE (S). 

а” 

5 “SIGNIFICANT SUBROUTINES WHICH ARE USED JOINILY BY ΕΓΕΠ. 
AROVE AFFLICATIONS INCLUDE: 

û ‘A DATA INFUT ROUTINE WHICH FORMATS AND DISFLAÓYS THE INFUT 
DATA IN TABULAR FORM. 

7 ‘A DATA CORRECTION ROUTINE WHICH ALLOWS FOR MODIFICATION 
OF INFUT DATA. 

8 “TWO ROUTINES WHICH HANDLE THE BASIC CALCULATION OF THE 
LEAST-S@QUARES LINE (AND OTHER FERTINENT VALUES); ONE FOR THE 
CASE ОЕ TWO VARIABLES AND ANOTHER FOR INSTANCES OF THREE 
VARIABLES. 

э "A DATA TABLE ROUTINE WHICH FROVIDES R VALUES AND A 
ROUTINE WHICH CHECKS A STUDENT'S INFUT FOR C FR ТО ТНЕ TE 
TABLE. 

ΠΠ. 

11 ‘“INFUT VARTALBES 

12 “ASZ=ARRAY OF RAW DATA VALUES 

14 “LSIG=LEVEL OF SIGNIFICANCE 

16 ‘“NVAR=NUMNBER OF VARTABLES IN THE FROBLEM 

18 OUOPSIBONUMBER OF ORDERED FAIRS IN THE SAMFLE 

ο “RE=STUDENT’S ACCEFT/REJECT CRITERIA 

22 . RCE=REQUEST TO REVIEW INFUT DATA 

24 “R2CSS=REQUEST TO MODIFY DATA 

де “R3C4S=REQUEST TO MODIFY MORE DATA 

«8 “TR=STUDENT'S TABLE LOOQK-UF VALUE 

24 '“UFDATE=NEW DATA VALUE 


SOUS 
tam? „ioma 


24 “QUTFUT VARIABLES 

29 “A=COEFFICIENT IN LEAST-SQUARES LINE 

за "ALl/B = ARRAYS WHICH CONTAIN VALUES OF THE NORMAL 
EQUATIONS 

20 ‘“B=COEFFICIENT IN LEAST-SQUARES LINE 

41 “G=ARRAY OF COEFFICIENTS Gr THE LEGST =SOUARES LINE 
42 “FLAG#=ACCEPT/REJECT DESIGNATOR 

44 “R=COEFFICTIENT OF CORRELATION 

46 'SE- STANDARD ERROR 


| SS 


4а 
“7 “INTERNAL VARIABLES 
uz "l:dsk:L - LOOF INDEX (J is also used as a column 


indicater in the Data Update routine) 
34 “MEAN=AVG. DF INFUT X VALUES 
зб ‘“N=NUMBER OF ORDERED FAIRS IN THE INFUT DATA SET 


38 ‘FPTRA=POINTER 

69 ‘Q=FLOW CONTROL (also used is an intermediate value in 
the Least-Squares calulation) 

Ὁ 'O01:02:03=SCREEN FORMAT VARIABLES 

54 ‘“TABLE=COMMON TABLE R VALUES 

68 ‘TL=TABLE R VALUE 

7@ ‘“TVLEF=$INTERMEDIATE TABLE VALUE 

72 XSUM=SUM OF ALL INPUT X VALUES 

74 'XYSUM-SUM OF ALL X*xY VALUES 

76 ‘'X2SUM=SUM OF ALL X-SQUARED VALUES 

78 “YHAT=FOINT VALUE OF THE LEAST-S@UARES LINE 

80 “YMEAN=AVG. OF ALL THE INFUT Y VALUES 

82 YOoOUM=SUM OF ALL THE INPUT Y VALUES 

84 ‘“Y2SUM=SUM OF ALL THE Y-SQUARED VALUES 

Bo و‎ 

470 ° 3333333 IE ESE EEE IE ETE EE EH HEE EE 9€ 96 IE EEE 

480 ‘“FPROGRAM INTRODUCTION AND DATA INPUT DFIVER 

490 ° HH HE E E HE HE E E E E HE e HE E E E JE E E HK E E E E E E E E E e JE E JE J ee NE 

Sap CLSSFEINTTRESMUILTIFLE REGRESSION + CORRELATION##+": 
Ser mint NOTE: THIS FROGRAM CAN BE USED FOR SIMPLE 
REGRESSION (two variables) AS WELL AS MULTIPLE REGRESSION 
(with three variables?.":FRINT 

ШӨП INFUT “FUSH ENTER TO CONTINUE" š 

wo CLS:PRINT" THE LEAST-SQUARES LINE FOR DATA SETS WITH 
MORE THAN TWO VARIABLES IS ORTAINED BY SOLVING A SYSTEM OF 
NORMAL EGUATIONS SIMULTANEGUSLY. THESE NORMAL EQUATIONS ARE 
EASILY ORTAINED FROM THE DATA (using formulas-19, ZW, and 
ee. 

Beoe PRINT’ THE FIRST STEF IS TO INFUT THE DATA. " 

ο. ΝΑΙ “PUSH ENTER TO CONTINUE! ":0 

350 CLEAR: GOSUBR 200(ü00: REM. ***«INITIALIZE TABLE VALUESd*** 
27/0 GOSLE 100 

2380 INFLUT"WwWOLLD YOU LIFE TO REVIEW OR CHANGE ANY OF YOUR 
INFUT DATAT (YorN)" RCE 

ШЕШ ІР RES="Y¥" 0R RCX-"y" THEN GOSUB 1500 

Οδ IF NVAR=3 THEN (GO0SUB 20250 ELSE GOSURB 2102 

ӘРШЕОК Ісі ТО 1500: МЕХТ I 

аі IER EK IEEE RSE FE FE FE e Fe HE HE Еж 

STS TOTAL PROGRAM MENU SELECTICN 

S17 BERK KER ER EEK HEE HEHE C 3 3*9 4C 9C 9 4C J€ € NC CEU 

ШІ СІСЕРЕІМТ ТАЕ(18); "МЕМІ)" 

ШЕРГЕРЕІМГ"І-СІБВМІРІСЕАМСОЕ FOR r" 

RPR INTY- COEFFICIENT OF DETERMINATION" 
ουσια OF ¥ WHEN GIVEN X СКІ, Хах 

peer rRINI“4-Ex iT’ :FRINT 

geo INET "SEEECT ION" st 

670 ON QG GOTO 4900 ,2ü0)00,46000,259U0 

684 END 

690 MENU 

Ὁ ΖΕ ° HK KH 3 Xx 3€ 9€ * C X E e Yee 3C € e e 96 e € 3€ e ېن‎ 6 9e e C Je 96 9€ 96 € jE E j ЗЕ 


σα 798 
„эу ыз 


780 
990 

1000 
3) 
1010 


WORKS FOR 3 OR 


1020 


1022 


“DATA INPUT AND DISPLAY ROUTINE 
! Ye 3€ 463€ 3€ 3€ 3€ 3€ 3€ 3€ 3€ 3€ 369€ Y 36 9€ 9€ 9€ 3€ 3€ 9€ 9€ 9e e 9€ 9€ 3€ 9€ 3€ 9€ 3€ 9€ € € € € 9e 9 


CLS: INPUT “INPUT THe NUMBER OF Von Λ΄; 


."SNVAR 


IF NVAR« +2 AND NVAR“ 22 THEN PRINT'"THE FROGREAM ONLY 
= VARTABLES!!":GOTO 1000 
INPUT "INPUT THE NUMBER OF ORSERVATIONS. ";OPAIRS: CLS 


IF 0۳۵1 85.3 THEN PRINT’ YOU NEED AT LEAST 5 


OBSERVATIONS":GOTO 1020 


1026 


IF INT (CABS СОРАІК 5) ) = 0FAIRS THEN FRINT"MUST BE A 


POSITIVE INTEGER ТЕР ЛО 


10:50 
13.55 
1442 
1020 
104050 
14470 
1080 
1090 
1100 
1110 
1120 
11.50 
1140 
1470 
14850 
1490 
1 2801 


DIM AZ(OPALRS,3) 
01=0:02=17:05=29 
FOR 1=1 TO OFAIRS 
РЕІМТ Ә01,1;". Хіш"; 
INFUT A2(I,1) 
IF NVAR=S THEN PRINT @Q@2,"X2="3:INFUT AZ(1,2) 
PRINT 05, "Ү="; 
ΙΝΕῊΤ ΑΞέΙ. 3) 
01-0О1-40:02-02-40:05-05-40 
IF @12240 THEN CLS:01=0:027=16:03=26 
NEXT I 
ΕΗΙΝΤ"ΡΑΤΑ INFUT IS COMPLETE!!!" 
RETURN 
кк خل مال خو چو‎ HK EH HEE 
‘DATA REVIEW AND UFDATE ROUTINE 
 3-3€ dé 9e жж 


CLS:FRINT' YOUR DATA WILL SCROLL DOWN THE SCREEN ΕΞ 


ΤΗΕ ۳۹٣ 5٣ FES ۳ م0‎ D 


1305 
120 
lobe 


1920 


НЕН ΠΠ ΑΟ ολο ο) АРТ 0 


INERT УЕОБЕ ЕМТЕБ WHEN ΙΕ ο. 
FOR Is1 TO OPFAIKS 
poU. oss ue 
IF NVAR=2 THEN РКІМТ USING 
ELSE FEINT USING 


"ТИНЕ. ЕН ІРІСІ, 12 (της) 


1525 


1550 
12480 
13230 
l8 
1260 
1570 


FOR J=1TO200:NEXT J 
МЕЛЕРІ 

INFUT "WOULD YOU LIKE TO CHANGE ANY DATACYorN) ";REC2% 
IF RECSF="N" DOR R3CZf-"n" THEN RETURN 

IF πο ο ΣΥ ΘΕΟ R2UC2f$42-"y" THEM GOTO 1540 

INFUT "IM WHICH COLUMN DOES THE UPDATE G07?(1,2 or 
INFUT “WHICH ORSERVATION? (ie raw number of 


A) ο 
Lhe element 


ға рПе-гсһапцейе = ебет 


1234 
1285 
250 
164202 
Tora 
1520 
1520 


IF NVAR=2 AND 41-2 ТНЕМ 4-3 

PRINT “CURRENT ΕΠΕ XI o ο) 
INFUT "INFUT THE NEW VALUE"; UPDATE 
AZCI,J) =URFDATE 


INPUT "ANY MORE CHANGES TY or N)"sRSC44 
IF πο αν ΟΡ RC4$2"y" THEN GOTO 1560 
RE TURIN 


2/4 


2020 
2040 
πο 
2042 
оса 
21040 
2110 
Иго 
| 
2140 
Eu) 
2150 
2170 
2180 
стой 
2200 
2201 


INAS 
aL aL. 


+ fı 
2207 


! Ke 3€ HE E € 3€ 3C 36 3 € 9€ 3 9€ € 3€ J€ € JE ЭЕ ЭЕ ЭЕ © ЭЕ ЭЕ ЭЕ ЭЕ € e e Je IE JE QE EC EE 
“CALCULATION OF THE NORMAL AND LEAST-SQUARES EQUATIONS 


three variables) 
' 43€ 36 3- 96 3€ 96 9€ 9€ 9€ 9€ C ЭЕ د ددد ددد‎ 36 96 36 96 9€ 3€ 96 96 96 96 9€ 96 9€ 96 9 9€ 96 3€ X 


DIM A1(3,3) 

РОК Ізі ٤٢ 56 

R(1)=R(1)+A2(I,Z) 

R(2)=B(2)+A2(I1,1)*A2(I,Z) 

B(Z)=B(2Z2)+A2(01,2)*A2(1I,323) 

Ai (2,1)=A1 (2,1) +A2(1,1) 

41 (3,1)=A1 (3,1) +A2(1,2) 

Ai <2, 2) =Al (2,2) +02 (1,1) “2 

û1 (3, 3) =A1 (3, 3) +A3 (1,2 2 

A41 (2,3) =A1 (2, TJ +A2 (1,1) #A2Z (1,2) 
NEXT I 
à11,2)501(2,10:61(1,3) A01 5,10 201 (3,2) 261 (2,7 
CLS:FRINT"THE NORMAL EQUATIONS ARE: " 
PRINTR(1)3"="SOFAIRS: "bO +"sA1(S,1)3"b1 +"3sA163,1)3"b2" 
FRINTE(2)s"="sA1(2,1)2"bO +"3A1(2,2)3"b1 *";51(2,2) "ba" 
FRIMTB(O);"z";:51(2,1); "bO +":A1(3,2)3 "bt 


Е a3 'AS 


Al و‎ ( : "Бо" 


YMEAN=B (1) /OFAIRS: AI (1,1) =OFAIRS 
HR REECALCULATION OF THE LEAST SQUARES 


ENEEFICIENTSd4XsdX x 


2210 
2220 


rca 
مق‎ «Rows ο) 


45440 


2250 
2278 
2280 
229g 
2300 
231 
7520 


mcn 


aliove nam” “maa! 


2440 


И 


2360 
2270 
2400 
2410 
2420 
2430 
244 
2450 
2520 
2510 


2020 


FOR I=1 To 2 
7 
ΙΕ Ως ΤΗΕΝ 2250 
FRINT"SOLLITION NOT FOSSIBLE!'": 
Аі (1,1) =1 
FOR J=1 To 3 
ποτ 


END 


NEXT J 
FOR K=1 TO Ж 
IF K=I THEN 2242 
C410, ID 
А1 (Е,1) =0 
FOR J=1 TQ 2 
AL(K,J)=A1 (K,J)-Q*A1 (1,9) 
NEXT J 
NEXT K 
NEXT I 
FOR I= 1 TO š 
ЄС‹1)=@ 
FOR K«s1 TO Z 
ССІЗ-С СІ» A1 ,KE) ED 
NEXT K 


NEXT I 

FOR I=1 TQ DFñIFS 
Yid ۴ l) rE κας 1) 50562 (I, 2) 
TPSUM= CAS C1, 3) -YHAT) “2+TPSUM 


EUER 


2520 BTIM=(A2(1,3) -YMEAN) “2+BTTM 

2540 NEXT I 

2550 IF OPOGIRS«z4 THEN SE-2-999 ELSE SEzSQR(CTPSUM/ COPAIRS-2)) 
22360 R=SQOR(11-TPSUM/ ET TM) 

25:70 PRINT"THE SOLUTION TO THESE ο ο ο 1 Bp I Ir 
LEAST-SQUARES LINE: " 

ай РКІМТ"ҮНас- ЕГІ ΤΕ ee ee 

2o70 RETURN 

DD | HI IEE HE E HEE HEE IEEE HE HH € 3€ 3€ 9€ 9€ € € 9€ C 0€ ЭЕ ЗЕ ЭЕ ЭЕ ЗЕ HK ЗЕ ЭЕ 

2090 ‘CALCULATION OF THE LEAST-SQUARES LINE (for two 
variables) 

ED '3 3 3€ 3€ 3€ € 9€ 3€ 9€ J€ € € € 9€ 36 9€ 9€ 9€ 9€ ЭЕ ЗЕ ЭЕ Je E E E € Je De Je 9e 2€ C € JC JE E 

2100 FOR I-1 TO OPFAIKS 

5110 XSUM=XSUM+AZ(I,1) 

5120  4X2SUMZX2SUMT-G2€I,12^2 

2150 YSUM=YSUM+AL (I, =) 

33140 YOSSUM=Y2SUM+AR (I, 3772 

S134 XYSUM=XYSUM+A2(I; 1) #AZ(I, 2) 

ЗЕБИ NEXT I 

A170 N-OPGIES:PMEOGNSXSUM/N:z XMEOGNZSMHEON^Z 

2180 B=(N*XYSUM-XSUM*#YSUM) / (N#X2SSUM-XSUM" 2) 

2190 a-tCYSUM-EXXSUM) /Ns SE-ZSQR COYzSUM-à* YSUM-EXXYSUM) / 1N—2) ? 
A200 

RN 

۸ ٢ لات‎ 

—ASUN Y SUM) / GORCN*XX28LM-OXCXSUM^- 2) ) *SOR CN Y οὐ (Υπ... 
πο ια οι ο FRIN THE LEAST- SOUARE S EINE = 

ο-.ϱ ΕΠΙΠΤ Πε: ΤΙ, ΕΙ 

S200 FRINT STANDARD αμ =". SE 

2240 RETURN 


ЛОВІ ° HF e E ΔΕ E HF HE 636 € 3 C Xe de Je Je e 3€ € 36 X e He Je e KC JC Je e 6 3C € J€ Je 36 € e 3 3€ 

329935 “INTRODUCTION TO SIGNIFICANCE TEST FOR THE CUETT IS 
OF CORRELATION | 

APO зе E HE eX d € M Xe e € e e e ee e X X e HE e € e JC X e Je 9 X C 3 € 9 د‎ 

дада СІСЕІРБІМТ exa SIGNIFICANCE ТЕБ μμ μα κ εν. 
4010 PRINT" *#FOR THE COEFFICIENT ΟΡ ΟΡΟ ο το ο... 

40:0 FRINT OBJEELTIS: TO DETERMINE ТЕЗИ ٢ ٢٢٣٢ 

ATTRIBUTED TQ CHANCE AT A CERTAIN LEVEL OF 
SIONIFICANCE DN 

40285 ІМЕШІ “ГЕШ ОН ENTERE Το ΕΕ ὉἩὉ 

4030 CLS:PRINT"TO BEGIN, ASSUME A NULE ۹٧-٢٢ 11 ٢ "NO 
CORRELATION’ (meaning the r value is totally attributed to 
chance and there is no correlation between y and the 
corresponding x valueís).)" 

4040 FRINT "NOW, LET S5 TEST THE NULL ΗΥΡ, Τὸ ΞΕ ΙΕ ΙΤ ἕω 
REJECTED 

4045 IMEUT "ЕСЕН ЕМЕС ΤΕ CONTINUE TENN 

40520 GOüÜOUB 4200 


2786 


4060 ЕКІМТ:ІМРОТ "SELECT: 1-MENU (same data); 2-МОКЕ 
SIGNIFICANCE TESTING; S2-ENTER NEW DATA СЕТ; 4-ЕХІТ";О0 
4070 ON © GOTO 620,40:0,:2:60,690 

4080 GOTO 629 

4480) —'dxd3 3c 33€ 9€ 34€ 963€ HEHE КЕК 3 3C 

4485 ‘MAIN FROGRAM BODY 

4490 “ххх КК Ж 

wo CCS: τσ 1. DETERMINE TRE LEVEL OF 
SIGNIFICANCE (ALFHA).":FRINT 

4510 ІМРОТ "ENTER THE L.O.S. (ALFHA) (always a decimal 
value)": LSIG 

45320 IF LSIGs1 OR LSIG<=9 THEN FPRINT"ALFHA MUST ΕΕ ΙΝ 
DELIMAL FORM! !'":GOTO 4510 

foe CES:EFRIMT'"STEF 2. SINCE THIS PROCEDURE CALLS FOR 6 ТЫП 
ШҮШЕРІ) TEST, DIVIDE THE LEVEL OF SIG. (ALPHA) BY 

TWO. "SPRINT 

4540 PRINT" (REMEMBER: ALFHA="sLSIGs3")" 

43545 INPUT "INFUT ALFHA/ TWO";S2 

42250 IF See :7| تد /متنا1ه‎ THEN FRINT “WRONG! 'TRY AGAIN! "+GOTO 4546 
Pee clos eal SIE 3. DETERMINE FROM TABLE VI THE 

ШЕШЕЕН с-(ЕСРНА/2) VALUE. ":FPRINT 

4570 PRINT" (REMEMBER: ALFHA/2="3S2s "AND THE NUMBER OF 
ORSERVATIONS=";OF AIRS; ") " 

45580 ІМЕОТ "ENTER THE TABLE VALUE! "; TR 

4590 GOSUB 15000:FOR 1=1 ТО 500: МЕХТ І: КЕМ *CHECE INFUT 
AGAINST TABLE DATA 

(Uj CLS:ERINT"'STEF 4. COMPUTE THE COEFFICIENT OF 
CORRELATION (r), (use Ғобти1 а-22 or formula 23 as 
applicable) ":FRINT 

ШЕШІП INPUT “FUSH ENTER AND THE COMPUTER WILL DO IT FOR 
ш Ж АЖИЕВ 

toed PRINT "r="sRsFOR І-1 TO 500:МЕХТ I 

46235 “*#**# DETERMINE WHETHER TO ACCEFT/REJECT##* 

4620 CLS:FRINT"STEF 3. BASED ON THE RELATIOMSHIF 

RETWEEN THE COMFUTED VALUE FOR r AND THE r-ALFHA/2 VALUE 
QETAINED FROM THE BELE DE TERMINE Ir Y0 CAN REJECT ΤΗΕ 
МЕНЕ HYPOTHESIS. " 

4640 PRINT REMEMBER: r-ALFPHA/2=": TR 

ΙΙΙ TABS) < "COMPUTED VALUE OF r کب‎ ه٢‎ 

4650 IF TKZABSORXS THEN FLAG#="REJECT" ELSE FLAG#="ACCEPT"” 
4674 INPUT "К-ТӨ REJECT OR A-TO ACCEPT": RE 

446795 '*xáGckkEXxxx(QUTFUT RESULTS оаэ 

ПОЛГО Л СТЕ К< "К" AND Rec e"A”" THEN FRINT"INFUT MUST БЕ 
Meeen CASEsR OR à":GOTO 4670 

$598 IF RE="R" AND FLAGE="REJECT" THEN FRINT "CORRECT! WE 
Sell DO REJECT THE NULL 281 στο το There is a 
relationship between Y and X (ar Y and K1,42) ":RETURN 

4700 IF R#="4Q" AND FLAGE="ACCEFPT" THEN FRINT'"CORRECT! WE 
CANNOT REJECT THE NULL HYPOTHESIS: (1e: The calculated 
Value of r may be due to chance.) "s RETURN 


T 


4710 FRINT’ WRONG! ! " 

4720 PRINT“ THESE VALUES SUGGEST WE SHOULD “;FLAG?:™ ۱٧ ΤΙΝ 
НҮБ E 

4730 PRINT“ BETTER LUCE NEXT ГІНЕ او‎ DEAN 

4970 ae a rr LLL LLLI 

OF ee س‎ S 

{OM ' *3 33 X 3c 3 HE FE HE HE E ¥ HE E ¥ € 3€ X 3€ 3€ 39€ 9€ 9€ 3€ 3€ 9€ 3€ 3€ 3€ 9€ 9€ 3€ 9€ 3€ 9€ 9€ 9€ €- 

4982 “CALCULATION OF THE COEFFICIENT OF DETERMINATION 

JOQ ἈΚ Κ δ HC HE E HE E HE E HE E HE E HK YE HE E E E FE HC HE HK HC HK HC E HE HE FE HC He HE HE ¥ ¥ 9€ 3E 

anno CLOo:PRINT'3se«x*x*xCOEFFICIENT OF DETERMINATION Ek k jis 
010 PFRINT"OBJECT: DETERMINE HOW MUCH OF THE TOTAL VARIATION 
AMONG THE Y VALUES IN A DATA SET CAN BE ATTRIBUTED ТО а 
RELATIONSHIF WITH THE OTHER VARIABLES IN THE DATA SET AND 
HON MUCH IS DUE TC CHANCE. ЕЕ 

ο αι INPUT “PUSH ENTER TO CONTINOE TITE 

2030 CLSi:PRINI“STeEr 1. CALCULATE THE ο ΙΕ ο πο 
CORRELATION (ғ). (use formula-2e or formula as 
applicable?) РЕ 

2040 INPUT "PUSH ENTER AND THE COMPUTER WILE DO IT WITH 
YOU! ! "30 

ausa ٣٣٣٣) ΤΕ R FOR I=1 IU SDD: DL الا‎ 

2060 CLS:PRINT"STEP 2. SQUARE THE VALUE ОЕ r TO 0۳181١٤) 1٢1 
COEFFICIENT ΟΕ DETERMINATION. (THE εο οἱ PIT E У 
GIVES THE PERCENT OF THE TOTAL VARIATION OF Y WHICH I$ 
EXPLAINED BY THE RELATIONSHIP WITH X (or XL and xz)" 

2478 PRINT" SQUARED * 10S": (R72) #100; "7" 

илз КЫРЫП CRUSA ENTER IO CONTINUES SG 

O90 CLSsPR INT WHat Seek HERE Pi SP SI p 

3100 INFUT "SELECT: 1i-MENU(same data set); 2-ENTER MEW DATA 
БЕГ лен B 

5110 ON OQ GOTO 620,550,490 

71:۷ GOTO Gee 

БОТ: —=======—=——===——==>=—====—============ Б 

УЕ, مه سه‎ ЕЕЕ Ба ee = 

SPRL ° HHH e E E 4€ E KHER ERE RK RENEE ER 

TS CALCULATE Y WHEN GIVEN X κ ο ο... 

TIGA Чез ας θε ἠς Зе IE ETE OIE EE EEE RE IE EE EE EB KE IE EE HE IE 

etn CLS: PRINT"*#*ESTIMATES OF Y WHEN GIVEN ХИСИ 8 لص‎ 

010 РКІМТ ¥ FF HE 34 FE E E X 6 € € X eX X XXe X Jede ede Xe e de et s 

“θε ΕΕ SOLUTIONS SØLYE THE LEAST-SQUARES LINE EQUATION 
WITH THE GIVEN INFOT FOR X ЧОК ХИ КОЛУ ГЕ 

S420 IF NVARSS THEN GOTO 65100 

50480 PRINT Y-hat="; Ar +" Bg "X" 

ӨЛЕ ΓΙ; 

GAA FEINT'" Y="; A+-BFCO 

60/70 FOR I=i TO 0:۱ثات1‎ 1:۸۱ ΕΓ: 

5100 РЕІМТ"Ү-һай- іссіз каб ОХ +"; Ü (2) 
61108 INGOT "INEFUT ΚΙ τα ΤΙΝ ТЕМЕШ ο... 
6120 PRING* ya Οι. 

612@ FOR [=1 TO ié00:NEXT IsGOTO 620 


и ІСТЕН 
q FN aL 


2 


14980 
14985 
14990 
15000 
12010 
15020 
15050 
121240 
ERROR 
15050 
FOR ñ 
13060 
12070 
19080 


4 مس مس مت مس نت بس‎ Sey Sy SiS Sy SS مس مس مس‎ t مس پو‎ es) es) پس‎ Mes) مس‎ Sese) مس‎ Susa) مس‎ Ge κια) Ge} Ge} GS Ge Ge رم مسوم سسوم موم مس‎ ЗМЕЕ Smit 
SS سو ومد‎ ызы олын) مور‎ Umm مز سوت سر‎ ашы)  — ee مه سب سر سر‎ πάω aX صو صب ب ف‎ эшч te — — 


لست پا اا اس صب ہے بے صب ہے با ہے پس — — r s s  — s‏ = سیب صرب په په s s‏ + صت پس بے ees‏ سیپ پل بے سے s‏ = 2 
 —‏ س ا ههه ٢٢‏ ٢ل‏ پس ب بس = s m‏ = ھج وھ — = د د بسح د سوھ a a e e sam h a‏ پس pes = cmt‏ سم مر د سس سمرګ ‏ ={ 


!Ge e ЖЕ E HE HE E CX JC X XC HE XC JC C XC KE KE E E HE KE ЭЕ KE HE E XEM Xe ee 

‘DATA TABLE INPUT | 

! eA CE IEEE E C E IE C XC IC JE JC KE ЧЕ e E HE HE ЭЕ ЭЕ ЭЕ EC IC CC e e e e Xe e 

РТКА=0 

ІБ 52=.025 ТНЕМ РТКА=1 

IF §2=.@1@ THEN PTRA=4 

IF $2=.@05 THEN PTR“=7 

Ir ΕΕ μπα THEN PRINT ODD LEVEL OF SIGNIFICANCE: 
CHECKING AVAILABLE! ":RETURN 

IF OPAIRS522 THEN FRINT"NO ERROR CHECKING AVAILABLE 

SAMFLE SIZE GREATER THAN 22!": RETURN 

TYVL2=MID# (TABLES (OPAIRS—3) ,PTRZA, 3) 

TL=YAL (TYLE) ж.001 

ΙΓ ΤΕ: ΟΤΙ. ΤΗΕΝ PRINT"WRONG VALUE'TRY AGAIN" 


NO 


EL SE 


ΙΙΙ CORRECT! !":RETURN 


154290 
15190 
1511 
IS 
15120 
200200 
20010 
20020 
20020 
20040 
20030 
اه اا‎ 
200952 
200353 
20054 
300950 
200856 
200757 
20098 
20099 
“YE 
20261 
20062 
2006-5 
20064 
EMSS 
20066 
320057 
2008 
20069 
20080 
21980 
да 


INFUT 
ELG 
IF TRe =TL THEN PRINT WRONG AGAIN! :! 


“INPUT THE TABLE VALUE AGAIN (last chance!) ";TR 


THE CORRECT VALLE 


eee TEL ELSE FRINTFRIGHT 0N!" 


RETURN 


DEFSNG A-Z:0N ERROR 


DIM TABLES (19) 
FOR L=@ TO 19 
READ TABLE? (L) 


МЕХТ 
рата 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
DATA 
рата 
DATA 
DATA 


E 

"997999999" 
"950980990" 
"878934959" 
"B11882917" 
"7548232875" 
"707789834" 
"566750798" 
"632715765" 
"502685735" 
"576658708" 
"553634684" 
"532612661" 
"514592641" 
"497574623" 
"482558605" 
"458542590" 
"456529575" 
"444516561" 
"A33503549" 


"423492537" 


RE TURN 


' ЗЕ ЗЕ FE 36 к 
“ERROR 


TRAF 


GOTO 22000 


2199() '3«3«33 3 € € CC ЗЕ ЭЕ C 3 3 C € € € € € € X 3€ C C e EE EE 
22000 РКІМТ"ЕНКОК" ЕКЕ; "ІМ ІІМЕ": ЕНІ 
22010 FRINT"CONSULT OFERATORS MANUAL": END 
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APPENDIX C 


DESCRIPTION OF THE RADIO SHACK 

MODEL 100 PORTABLE MICROCOMPUTER 
Dimensions: її" МУ 64 (DUIS 
Weight: 3 وغو نال‎ ΙΟ 


Foner Sources Battery (4 АА) 
AC Adapter 


Microprocessors: засв4 (8 bit CFU) 2.4 MHz 


КАМ Capacity: Gd op cel 
(version used was equipped with 24 k.) 


Display Device: LCD screen ~~ 8 lines by 440 characters. 
User Interface: Standard size typewriter keyboard. 
Modems Built in direct connect 200 baud modem. 
Secondary Storage Capacity: No self-contained secondary 
storage device. Can he cable 
ез 


connected to either cassett 
tape or floppy disk devices, 


iu 


10. 


12 
| 
siae قا‎ 


1 + 
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